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RADIO EMISSION IN THE OUTER CORONA 


W. C. Erickson 
Convair Scientific Research Laboratory, San Diego, California 
(Received September 25, 1959) 


During May, June, and July, 1959, transit 
observations of the sun were obtained at a fre- 
quency of 26.3 Mc/sec with one section of the 
two-mile array which has now been put into 
operation at the Clark Lake radio astronomy 
station. Phenomena were observed early in May 
which apparently occur only on rare occasions. 
Therefore, it appears to be worthwhile to report 
the results of these observations even though 
they are of much lower accuracy then those 
which are presently being obtained. 

The observations were made with a fan-shaped 
beam oriented along the local meridian. This 
beam is 1.5° wide east-west and 30° north-south. 
Radio star transit times are generally consistent 
from day to day within + 0.5™ or +1/8°. Occa- 
sional ionospheric scintillations causing errors 
of about 1/2° have been observed. However, when 
the sun is observed, much larger fluctuations in 
the transit times are found. Part of these fluctu- 
ations are due to the reading errors caused by 
the fact that the sun varies greatly in intensity 
during periods of only a few seconds. In spite of 
these errors, the systematic effects of radio 
source regions in the corona can be observed. 

Due to solar rotation they can be observed from 
day to day to travel systematically across the 

face of the sun. 

In general, during this period of sun spot max- 
imum, the brightness distribution of the sun at 
26.3 Mc/sec is very complicated. Only a few 
times during the three-month period of observa- 
tions reported here was the solar flux low enough 
that an appreciable fraction of it might be due to 


the thermal radiation from the quiet sun. We 
may generally assume the quiet sun radiation to 
be negligible with respect to the enhanced radia- 
tion from active regions in the corona. The 
usual situation is no doubt one in which there are 
several active regions either of large angular 
diameter or at angular separations smaller than 
our beam width. Therefore, we usually observe 
an unresolved blend of source regions, and the 
transit time is given by some average center of 
these regions. 

Figure 1 illustrates the results of our observa- 
tions. We have plotted essentially the time at 
which the radio sun transited our local meridian. 
If an emission region is located east or west of 
the center of the sun, the observed transit time 
will differ from the time at which the center of 
the sun transits. For illustrative purposes, the 
transit times of the east limb, the center, and 
the west limb are given. The symbols give a 
crude indication of the average flux. No accurate 
flux indication is possible with this array because 
of the rapid fluctuations of the solar intensity. 

During the period from May 8 to 19 a fortuitously 
clean series of observations were obtained. Ap- 
parently during this time the solar radiation was 
dominated by a single localized emission region. 
This region appears to be correlated with plage 
region 48 at heliographic longitude ~ 60°, helio- 
graphic latitude ~18° as reported by the High 
Altitude Observatory” on May 15, 1959. 

We have plotted the paths which would be 
followed by emission centers at 4.0, 4.5, and 
5.0 solar radii from the center of the sun under 
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FIG. 1. Observed transit times. 


several assumptions. Rigid-body solar rotation 
is assumed. We assume the heliographic lati- 
tude of the emission region to be 20°, i.e., about 
equal to the latitude of the optical region. The 
heliographic longitude was assumed to be 78° 

in order to fit the data best. (Note: This would 
mean that the radio region preceded the optical 
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of 4 to 5 radii gives the best fit to our data. 

At 20:00 UT on May 10 a class 3+ flare occur 
near this region, and on May 12, Ney, Winckler, 
and Freier*® observed an intense flux of protons 
with rigidity greater than 0.49 Bv. This flux 
was approximately 1000 times the normal cos- 


region.) It would appear that an assumed height | 
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mic ray flux. From the angular distribution of 
the protons and their energy spectrum they be- 
lieve that these particles were not released from 
the Van Allen belt, but were accelerated near 
the sun. Our observations suggest that an accel- 
eration process may have existed which acceler - 
ated both electrons and protons. The radio 
emission might then be generated through a 
synchrotron radiation from the high-energy 
electrons. The electrons could lose their energy 
through synchrotron radiation while the protons 
could not. The protons observed at the earth 
would represent leakage from this region. The 
level at which the plasma frequency equals 26 
Mc/sec is about 1.6 solar radii. Therefore, it 
would appear necessary to assume some non- 
thermal process, such as the synchrotron 
process, in order to obtain appreciable radio 
noise generation so far above the plasma level. 
On July 11, 14, and 15, 1959, intense solar 
cosmic rays were again observed by the Minne- 
sota group* and by Brown and D’Arcy’ as well. 


Although we observed intense radio emission 
during this period, the emission did not persist 
for a long enough period or the brightness dis- 
tribution of the sun was too complex for us to 
obtain an accurate determination of height. 

Th author wishes to thank Mr. Delano Ball, 
Mr. Paul Brissenden, and Mr. Jack Warren who 
shared the 120°F temperatures which were com- 
mon during the course of these observations. 
He also wishes to acknowledge the loan of a Navy- 
owned motor generator unit which furnished the 
station’s ac power. 





‘Ww. C. Erickson, Convair Scientific Research Lab- 
oratory, Research Notes, Nos. 24 and 28 (unpublished). 
*Preliminary Report of Solar Activity, TR-402, High 
Altitude Observatory, Boulder, Colorado (unpublished) . 
3Ney, Winckler, and Freier, Phys. Rev. Letters 3, 
183 (1959). 

‘Eg. P. Ney, University of Minnesota (private com- 
munication) . 

5R. R. Brown and R. G. D’Arcy; University of Calif- 
ornia (private communication) . 





DISLOCATION PINNING IN n-TYPE GERMANIUM 


R. L. Cummerow and A. R. Cherry 
Research Laboratories, National Carbon Company, Cleveland, Ohio 
(Received August 10, 1959; revised manuscript received October 1, 1959) 


A new type of dislocation pinning which depends 
on the type and extent of doping has been found in 
germanium. The recovery process in heavily- 
doped, n-type and heavily-doped, p-type germa- 
nium has been examined through the observation 
of thermally-induced glide. Samples were pre- 
pared from essentially dislocation-free germa- 
nium? grown in this Laboratory. The p-type 
material was doped with about 2.5 x10'* gallium 
atoms per cm* and the n-type with about 2.8 x10"° 
arsenic atoms per cm*. Each sample was lightly 
bent around a [111] axis to a radius of about 250 
tm at about 500°C. The dislocation density, as 
observed by means of etch pits developed on a 
(111) face in each sample, ranged from about 
5x10*/cm? to about 1.5x10°/cm?. Each sample 
had a well-defined neutral region and was oriented 
so that the slip occurred predominantly on a 
single set of slip planes. The etches used were 
HF-HNO, (1:3) at 70°C for p-type, and for n-type 
the same etch, followed by a boiling etch of the 
same acids diluted with eight parts of water. The 
etching process proceeded for about 2 seconds in 


each case. Well-defined etch pits are not readily 
produced in the heavily-doped, n-type material 
with the usual etchants. 

After the initial bending, etching, and etch pit 
observation, each sample was annealed at approx- 
imately 600°C for 5 minutes. Thermally-induced 
glide was observed in the p-type sample, but 
there was none present in the n-type. Further 
annealing of each sample for 5 minutes at 650°C 
produced no glide in the n-type, but additional 
glide in the p-type. Annealing each sample for 
5 minutes at 700°C produced a barely perceptible 
change in the etch pit configuration of the n-type 
sample and considerably more glide in the p-type 
sample. Figure 1 shows the etch pit configura- 
tion on the n-type sample at this point in the 
annealing process and Fig. 2 that of the p-type 
sample. It will be noted in Fig. 1 that there isa 
well-defined neutral region which has not changed 
in width with annealing. Thus, all of the internal 
driving stress remains in the n-type sample. In 
Fig. 2 it is possible to see the old etch pits (these 
mark the locations of the dislocations prior to 
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FIG. 1. Etch pit pattern in bent sample of heavily- 
doped, n-type germanium. 


the current anneal) and some of these can be 
paired with adjacent etch pits which mark the 
present dislocation position. Also, the same 
figure shows that there is almost no neutral region 
remaining; almost all of the residual stress has 
been relieved. The dashed line indicates the 

lower boundary of the neutral region before an- 
nealing. 

To explain this pinning by the arsenic donor 
impurities, a reasonable assumption is that the 
substitutional arsenic, being normally of valence 
five, forms a fifth valence bond at the composite 
dislocation with one of the three-bonded Ge atoms 
in the dislocation line. The trivalent Ga atoms 
cannot form such bonds. The tetrahedral covalent 
radii of both As and Ga are nearly the same as 
that of Ge, but there is doubt* as to what radius 
should be used. Any elastic pinning® should be the 
same for Ga as for As, since the actual radii 
should deviate the same amount from the tetra- 
hedral radii, although in the opposite sense. 
During the plastic deformation, the dislocations 
are dragged through the field of donor impurity 
atoms and come to rest after the driving stress 
has been removed, pinned in a position of mini- 
mum energy. Mott® has given a theory from 
which the average distance between pinning points 


FIG. 2. Etch pit pattern in bent sample of heavily- 
doped, p-type germanium. The dashed line shows the 
lower boundary of the neutral region before annealing, 


can be calculated. Assuming the pinning energy 
to be approximately 1 ev, and using the meas- 
ured donor concentration, 2.8 x10*® cm~, we ( 
obtain an average distance between pinning points f 7 
of 1470 A. Since glide is observed in the n-type § ¢ 
material at 700°C and above, it appears that dif- F x 
fusion of the As atoms away from the dislocation F 
line reduces the pinning and allows dislocation a 
glide. 

The authors are indebted for helpful discussions Q 
to J. D. Venables, R. M. Broudy, and M. Bett- 
man. Thanks are due also to E. Brazis andR.D.f 
Westbrook for growing the heavily-doped, dis- 
location-free crystals. 
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'R. L. Cummerow, J. Appl. Phys. 30, 946 (1959). 

2A. G. Tweet, J. Appl. Phys. 29, 1520 (1958). 

3L. Pauling, The Nature of the Chemical Bond (Cor- 
nell University Press, Ithaca, 1940), p. 179. 

‘w. C. Dunlap, Jr., Phys. Rev. 94, 1531 (1954). 

5a. H. Cottrell, Dislocations and Plastic Flow in 
Crystals (Oxford University Press, Oxford, 1953), 
p. 56. 

‘nN. F. Mott, Imperfections in Nearly Perfect Crys- 
tals (John Wiley and Sons, New York, 1952), p. 179- 
180. 
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QUADRUPOLE SELECTION RULE IN IRON GROUP SPIN-PHONON INTERACTIONS 


R. D. Mattuck and M. W. P. Strandberg 
Department of Physics and Research Laboratory of Electronics, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 
(Received July 29, 1959) 


It is the purpose of this note to point out a fact 
which has not been explicitly stated in the liter- 
ature and which has important experimental im- 
plications, namely, that spin-phonon transitions 
innon S-state iron-group paramagnets obey quad- 
rupole selection rules. This means that for odd 
talf-integer spin systems of S>4, the direct spin- 
phonon transition is approximately forbidden be- 
tween any pair of spin states, |1), 12), of the 
form 


11)=alm_)+bl-m_), 
I2)=clm.)+dl-m.), 


(112)=0. (1) 


Consider Cr*+** (S= 3) in ruby as an example. 

The rule implies that in small magnetic fields, 

the spin-phonon interaction within either pair of 
Kramers doublets is very feeble. In larger fields 
(10°-10* gauss) with H parallel to the ruby optic 
axis, the interaction is weak between the |+3), 
'-3) pair of levels and between the |+4), |- 3) 
pair, both of which satisfy (1). 

The rule stems from the fact that the dominant 
term in the spin-phonon interaction is the quad- 
rupolar spin operator, S;S;+5S,S;, and, as is well 
known, this vanishes between states of the form 
(l). To prove these statements, we write the 
Hamiltonian for a single spin in the crystal as 


H =H (2) 


spin +H tttce + 





*. a’ Ba a 


where 
H ein “Ho + 268-H + AL'S + BL-H; (3) 
. T 1). 
Mrattice = "pl, % * 2h a 
r T 
Ayo a, af nee +p) m 


Here, H, is the energy of the ion in the crystal 
electric field, a,1 and a, are the phonon creation 
and annihilation operators for the kth normal lat- 
tice mode, A¢p(azt +az) is the contribution of the 
kth lattice mode to the fth normal mode (Q) of 
the spin nearest neighbors, and V; is the coeffi- 
cient of the linear terms in the expansion of the 
crystal field in terms of the Q;¢’s.1_ We now ob- 
tain an equivalent Hamiltonian for Hint, which 

is good to second order in spin operators and 
displays the spin dependence explicitly. We di- 
agonalize Hgpin by the method of Lowdin,” taking 


H° =H,+2gS+H as the unperturbed part (with 
ground eigenstates, ga and excited eigenstates, 
dq), and P=)LeS+L-H as the perturbation. 
This yields the spin- Hamiltonian equation, 


P 
ba aa 


0 ——— 
C,H *Poq* GE_-E, =0, (6) 


ba 


for the second-order ground energy levels, Es, 
and 


*o * a" al 





P 
¢ +L oo +d 
a a =, ‘. a a,8 


s aq a 





(E. -E JE, -E,) 


(7) 


N\- 


2 C Tk kW? 
a, b, b’ sb sb ,-z a 





for the corresponding normalized second-order spin eigenstates. If we designate the lattice states Y} 
then the simultaneous eigenstates of H spin + Jattice Can be written |/s) =y,),. We can now compute 


he direct spin-phonon interaction by forming the matrix element (/s|H 


int |/’s’). When this is done, 


ve find that the result can be stated in the form of the equivalent Hamiltonian, 


| a 
(spin-phonon) ~ 


Tt ok f 2, 
Me +4,) 2prH(g..,+4 ) iS; +2Br2 3 SHi+HS)+r Li (SS, +S,S,) , 






(8) 
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(OIL InXnlV |0) 
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[(O1L;InXXn | L,1n’Xn' 1V I) + (LV L)+(V LL.) 





f (9) 






f ; (10) 





et. 

Gan 

In Eq. (8), g55- represents the spectroscopic 
splitting factor for the spin levels s,s’, and 
A = 1 with E >E 

aa aoea 


, 


’ 


=0 with E =E 
a a 
=-l withE <E , 
a a’ 


The spin anticommutator arises from the sym- 
metry of Lij, which results from the relation 
(n| Ly \n’) =-(n'\L;\n).* 

Now, since Lit ~ Lij’, the ratio of the quadru- 
polar term to the dipolar term is ~\7/48AH. If 
we take as a typical case H =10* gauss and A 
=100 cm™ =2x10™™* erg, we find that the quad- 
ratic term dominates by a factor of 50, when the 
spin anticommutator is of order unity. On the 
other hand, it is easily shown by using the prop- 
erties of the S,, S_, Sz operators that S;S;+5S,S; 
=0 between states of form (1). In this case, the 
spin-phonon interaction proceeds through the 


linear terms in (8), and is correspondingly smaller. 


Thus the quadrupole selection rule is proved. 

This rule has implications for proposed acoustic 
experiments.*»> According to the rule, for exam- 
ple, it should be impossible to observe acoustic 


GE, -EQe,.- Fo) 





saturation of low-frequency (~ 10’ cps) paramag- 
netic-resonance signals within Kramers doublets 
in a spin- 3 system. It also predicts that, ina 
microwave acoustic experiment, it should be pos- 
sible to see a radical decrease in phonon atten- 
uation when H becomes parallel to the crystal 
optic axis. 

We note also that it would be desirable to ex- 
amine the existing data on gain-bandwidth product 
in ruby masers that amplify between nearly pure, § | 
and more strongly mixed, +4 levels, to see if 
these data are compatible with our selection rule, 





"This work was supported in part by the U.S. Army ¥ 
(Signal Corps), the U. S. Air Force (Office of Scientific} , 
Research, Air Research and Development Command), t 
and the U. S. Navy (Office of Naval Research). 

'J. H. Van Vleck, Phys. Rev. 57, 426 (1940). 

2p. O. Léwdin, J. Chem. Phys. 19, 1396 (1951). 

3M. H. L. Pryce, Proc. Phys. Soc. (London) A63, f ™ 
25 (1950). do 

4s. A. Al’tshuler, J. Exptl. Theoret. Phys. U.S.S.2 
1, 29 (1955). 

5k. D. Mattuck, Ph. D. thesis, Department of Physics 

Massachusetts Institute of Technology, 1959 (unpubli 
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EDGE AND IMPURITY EMISSION IN CADMIUM SULFIDE 0.0 

and 

Douglas M. Warschauer and Donald C. Reynolds san 
Aeronautical Research Laboratory, Wright-Patterson Air Force Base, Ohio T 
(Received July 13, 1959; revised manuscript received September 21, 1959) tras 


A model',? has recently been proposed for the 
band structure of cadmium sulfide which purports 
to explain much of the observed optical phenom - 
ena in terms of conduction and valence band ex- 
trema centered about k=0. Although this model 
does fit the observed dichroism, polarization of 
edge emission, and the like, several pieces of 
data can be cited which cannot be explained in 
terms of this simple structure. One set of ob- 
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servations will be described here; another set, 
on edge emission, will be published shortly. 
Figure 1 shows two curves of intensity of emis- 
sion versus angle of polarization. The curve 
having its peak in a direction perpendicular to 
the c axis of the crystal is that of edge emission 
taken at liquid nitrogen temperature. The curve 
having its peak parallel to the c axis of the sam 
ple is that of the emission at 6380A due to coppé 
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FIG. 1. Emission intensity as a function of polari- 
zation angle, @. 0@=0° indicates electric vector parallel 
toc axis of crystal. The points taken over the range 
\’<@< 90° are duplicated for - 90°<=6 <= 0° for clarity. 


inthe same sample in which the edge emission 

was measured. Visual observation of the 6390A 
emission due to silver doping of another CdS crys- 
tal proved the polarization perpendicular to the 

C axis. 

The copper sample was a single crystal of cad- 
mium sulfide grown by vapor phase technique and 
doped by adding cuprous sulfide to the initial cad- 
mium sulfide charge used to grow the crystal. 


0.01% copper, no more than 1 part per million 

of silver, and spectrographically just-detectable 
concentrations of Si, Mg, Sn, Pb, and Fe. The 
silver-doped crystal, produced by adding silver 
sulfide to the charge, exhibited approximately 
0.01% silver, 100 parts per million of copper, 

and the concentration of other impurities was the 
same as in the copper -doped crystal. 

The crystals were placed in front of the en- 
trance slits of a Gaertner spectrometer and illu- 
minated at a large angle of incidence by a G.E. 
4100 SP4 lamp with a Kopp No.41 filter. Meas- 


fists of this crystal showed approximately 
sits 








of emis 
rve 

ar to 
nission 
e curve 
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0 cope: 


wements were made of the lamp emission itself 
odistinguish it from the crystal spectrum, and 
he crystal emission was examined with various 
mientations of polarized incident radiation. The 
utensity and plane of polarization of the emitted 
tadiation was found to be substantially independ- 


‘tt of the orientation of the plane of incident radi- 
tion, 














The technique of recording the emission inten- 
sity as a function of polarization involved densi- 
tometric measurement of photographically re- 
corded spectra; although the polarization of the 
red emission due to silver was readily observable 
by eye, recording the spectra involved imprac- 
tically long exposure times, and hence quanti- 
tative results are not given here. The wavelengths 
were determined by calibration with a mercury 
arc spectrum. Because of the lack of sensitive 
plates in the infrared, no measurements were 
made in this region. 

Figure 2 illustrates the essential aspects of the 
proposed band model. The I, -T, transitions 
yield radiation polarized parallel and perpendic- 
ular to the c axis, while I, -T, transitions yield 
only radiation polarized perpendicular to the axis, 
The emission polarization is thus readily explain- 
ed*»' as being exclusively a I’, - I, transition at 
low temperature. Likewise, it is thought that 
silver gives rise to a level directly below the 


G 


ong 


\— EDGE EMISSION 











FIG. 2. Proposed band structure of CdS with edge, 
Ag, and Cu transitions depicted. Note from the text 
that the band structure depicted is probably not com- 
plete. 
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conduction band.* Such a level would also have 

I, symmetry, and hence its polarization perpen- 

dicular to the axis is readily understandable. 
Copper, on the other hand, appears to be an 

acceptor, as demonstrated by the sign of Hall 

and thermoelectric measurement on copper -doped 

samples, * and its emission is best understood in 

terms of the level depicted in Fig. 2. But, in 

this case, the copper level or levels should be 

derived from the valence band, and consequently 

should have I, or [, symmetry. That such is 

not the case is shown by the polarization emission 

depicted in Fig. 1. Neither symmetry can ex- 

plain the existence of radiation parallel to the 

c axis, nor can the situation be saved by assum- 

ing copper to lie close to the conduction band 

rather than to the valence band, as suggested by 


Klick.* It can of course be argued by analogy to 
germanium and silicon that both copper and 
silver give rise to deep levels which involve 
isolated wave functions of symmetries not simply 
associated with the valence or conduction band, 

This is a possibility which is yet to be investi- 
gated. 





‘J, L. Birman, Phys. Rev. Letters 2, 157 (1959). 

2J. Hopfield (to be published). 

34, Lempicki, Phys. Rev. Letters 2, 155 (1959). 

‘See, for example, C.C. Klick, Phys. Rev. Letters 
2, 418 (1959). 

5Reynolds, Green, Wheeler, and Hogan, Bull. Am. 
Phys. Soc. 1, 111 (1956). See also, R. H. Bube and 
S. M. Thomsen, Chem. Phys. 23, 15 (1955). 





ZEEMAN SPLITTING OF EXCITON LINES IN Cast 


R. G. Wheeler and J. O. Dimmock 
Sloane Physics Laboratory, Yale University, New Haven, Connecticut 
(Received August 17, 1959; revised manuscript received September 16, 1959) 


During the course of optical studies on cad- 
mium sulfide single crystals, Gross and his co- 
workers’ observed at low temperatures many 
absorption lines near the fundamental absorption 
edge. In analogy with his work on the excitons 
in Cu,0, Gross ascribed some of these lines to 
exciton absorption, and due to the variations 
from crystal sample to sample, some lines to 
impurities and surface defects. The recent work 
by Dutton, ? Lempicki,* and Thomas‘ on the anom- 
alies of the reflection spectra, when interpreted 
with the aid of the observed polarizations, as 
has been done by Birman® and Hopfield, ® indicates 
that the valence band of cadmium sulfide is split 
into three bands. The upper two bands are split 
due to spin-orbit coupling and the remaining 
lower band due to the crystal field. Interpreting 
the reflectance data in this light, Lempicki® and 
Birman’ deduce that the transitions from the 
valence bands to the single conduction band occur 
near 4877 A, 4845 A, and 4731 A at 90°K. These 
deductions assume that the extrema of the bands 
occur at the same point in the zone; the group- 
theoretical selection rules are compatible with 
the experiments if the band extrema lie along 
K =(0, 0, Kz)" in the reduced zone. In light of 
these developments, one of us® extended the 
group theory to the exciton case, using Birman’ s 
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symmetry assignments. Considering the exciton 
spectra originating from the upper two valence 
bands and the conduction band, the group theory 
predicts five levels, which are singlet and tri- 
plet state excitons. Three of these levels are 
twofold degenerate, and two of them are non- 
degenerate. 

Both states may be observed, as pointed out by 
Overhauser, ° if the spin-orbit energy of p-like 
valence bands is of the same order of magnitude 
as exciton Coulomb and exchange energies. Frot 
the above interpretation of the reflectance meas- 
urements and the observed position of the absorp 
tion lines, Overhauser’s criteria seem to be 
nearly met. 

In order to substantiate this explanation of the 
absorption spectra in cadmium sulfide, as due 
to singlet and triplet state excitons, Zeeman 
data are necessary. Gross’ has published a 
Zeeman spectrogram of CdS in a field of 30 kilo- 
gauss, indicating that in the region of wavelengtt 
greater than 4840 A (that region corresponding 
to excitons observable from the upper two va- 
lence bands) only one line splits, that into two 
components. Unfortunately his photograph does 
not include the line at 4888.46 A nor does he it- 
dicate the magnetic field direction relative to the 
crystal axis. Thus it was felt that further Zeem” 
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work was worthwhile in order to substantiate the 
multiplet explanation. 

This Letter is to report on the twofold splitting 
of three absorption lines in the wavelength region 
greater than 4840 A. All other lines observed do 
not split in fields up to 19 kilogauss. The g values 
of the lines are dependent upon the orientation of 
the magnetic field with respect to the c axis of 
the crystal. Also observed is a small shift in 
the mean position of the split lines which is ap- 
proximately quadratic with magnetic field strength. 

The spectrograph used was a 15000-lines/inch 
grating with a 21-foot radius of curvature ina 
Wadsworth mounting positioned to observe the 
spectra in the second order. The dispersion was 
approximately 2.4 A/mm with a measured reso- 
lution for emission lines of greater than 60000. 
The crystals were immersed in liquid helium 
between the poles of an electromagnet capable of 
providing 19 kilogauss in a gap of 15 mm. The 
crystals used were as described in a previous 
communication.* The observation was always 
transverse to the field and perpendicular to the 
c axis of the crystal. It was necessary to use a 
number of different crystals of varying thick- 
nesses in order to obtain each observed line 
narrow enough for accurate determination of 
its splitting. 

Typical results, for all split lines, are indi- 
cated in Fig. 1, which is a densitometric trace 
of the absorption line at 4888.46+0.01 A. Figure 
2 shows a plot of the splitting of this line as a 
function of magnetic field strength for both crys- 
tal orientations relative to the field direction. 
From curves of this nature, g values may be 
obtained for all the lines which split. This in- 
formation is tabulated in Table I. It is also ob- 
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FIG. 1. Densitometric traces of the photographic 
plates showing the Zeeman splitting of one of the ab- 
Sorption lines in cadmium sulfide; Eic, Hic, T=4.2°K. 
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FIG. 2. Line splitting as a function of magnetic 
field for the absorption line at 4888.46 +0.01 A. 
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FIG. 3. Line shift as a function of magnetic field 
for the absorption line at 4888 .46 +0.01 A in zero 
field. The solid curves are least-squares fits to a 
quadratic field dependence. 


served that the mean value of some of these lines 
shifts slightly with magnetic field strength. This 
shift is indicated in Fig. 3 for the line at 4888.46 
A. One notes that this shift is certainly not lin- 
ear with field; a quadratic least-squares fit to 
the data is indicated by the solid line. 

This experiment is consistent with the multi- 
plet interpretation of the exciton absorption spec- 
tra. Further, it has identified three lines as 
excitonic in origin. However, the details of the 
splittings are not immediately apparent. With 
the magnetic field oriented either parallel or 
perpendicular to the c axis, the degeneracy 
should be removed magnetically. In the parallel 
case, the group of the wave vector at I, A, or 
4 is reduced by the magnetic field to the group 
containing only rotations about the c axis. Thus 
since this group has only one-dimensional irre- 
ducible representations, all degeneracies are 
removed (excluding any accidental degeneracy). 
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Table I. Summary of data of the absorption lines near the absorption edge in cadmium sulfide. All lines obseny 
in various samples at wavelengths greater than 4840 A are listed. 
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Shift of mean 
value of 
Line components 
Line Observed width Magnetic field Number of Zeeman Av=aH? 
A polarization cm-' orientation components observed 4g value a(10~"* cm='/gauss' 
4888.46 + 0.01 Etc 0.96 Hic 2 1.756 + 0.017 -9.020.5 
Bl\lc 2 0.878 + 0.017 +1.020.7 
4869.13 + 0.01 E.ic 1.50 Hic 2 1.8020.05 <2.0 
Hic 1 <0.7 <2.0 
4857.09 + 0.01 Elle 0.74 Hic 1 <0.5 <2.0 
H\|lc 2 2.93 + 0.03 +2.521.5 
4852.99 Ellc 1.45 Hic 1 0 <2.0 
H\\c 1 0 +4.5+1.0 
4869.66 + 0.09 E.ic 1.2 No splitting 
4868.30 + 0.01 faint Eljc 0.9 No splitting 
4866.72 + 0.01 E|lc 1.4 No splitting 
4865.05 + 0.01 faint Elle 0.8 No splitting 
4863.86 + 0.01 Elle 1.0 No splitting 
4861.89 + 0.01 faint E|\c 0.7 No splitting 












































In the case of the magnetic field perpendicular 

to the c axis, the group of the wave vector is 
reduced to the group Cin by the field. This group 
also has only one-dimensional irreducible repre- 
sentations; thus all degeneracy is removed (again 
excluding accidental degeneracy). Due to the 

fact that measurable splitting does not occur in 
some field orientations for two of the lines, the 
level structure for the excitons is apparently 
complex. Further work is underway in order to 
determine the angular dependence of the g values 
with crystal orientation. 

The shift of the mean value of the Zeeman com- 
ponents should be toward higher energy if it is 
due to the diamagnetic effects on the exciton 
orbits. In the case where this shift is the largest, 
it is toward lower energy. The direction of this 
shift may indicate a variation in the position of 
the upper valence band edge with magnetic field 
strength. 

The authors would kike to thank Dr. D. C. 
Reynolds for the supply of cadmium sulfide crys- 
tals. 
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bserve SIGN OF g IN MAGNETIC RESONANCE, AND THE SIGN OF THE QUADRUPOLE MOMENT OF Np*” 
M. H. L. Pryce 
— H. H. Wills Physics Laboratory, University of Bristol, Bristol, England 
‘ (Received September 14, 1959) 
” When the Hamiltonian for an electronic spin spin if this differs from the true spin. Changing. 
=e" system is written in the form the sign of one of these states results in revers- 
gauss’ we ale, A, ee ei HS) ing the definition of S, and S,, and thereby of 
5 x Byy yy +B, om 8xx, and Syys but not of &,,- interchanging la) 
" there is in general some ambiguity about the and wr iy the sign 7 and Sz, and so he 
signs of the principal values of the g tensor. yy ane &zz1 BE Guy Sh Spel WER amtat 
Except in very simple systems the components symmetry the latter transformation leads to 
S,, Sy, S, do not refer to the true spin, but to 8yy =~8xx» Which destroys the symmetry of the 
. md fictiti ous” spin operator which may be formulation, and is therefore inadmissible. 
quite different from it, and their definition in These considerations are Se to the nep- 
, terms of physically observable quantities is to tunyl ion, which has been studied by Eisenstein 


and Pryce.” In that paper we paid no attention to 
the signs of g, and defined the basic states so 
that g) was positive, since this seemed conven- 
ient. We overlooked, however, that this defini- 
tion entailed g. y =~ 8xx- To be consistent we 
should have interchanged our basic states, there- 
by reversing the sign of g). Simultaneously, 

the hfs coefficient A has to change sign. The 
experiments of Bleaney et al.* should therefore 
be interpreted as leading to the parameters 


some extent arbitrary. 

The product gyyyy8zz, however, is quite un- 
ambiguous and is directly related to physically 
observable quantities. Its sign, in particular, 
determines whether the precession of the mag- 
netic moment in a magnetic field is left-handed 
or right-handed, and this sense can be directly 
observed in a resonance type of measurement, 
————| as has recently been demonstrated for NpF,.’ 

One way of seeing this simply is to consider 
the quantum equations of motion for the compo- g | =~ 3.405 + 0.008, 
nents of magnetic moment, p, =-g,,BS,, etc. 


ntific They are lg, | = 0.205+ 0.006, 





, Com- - A =- 0.16547 + 0.00005 cm™ 
b= (uC - Ky )/ih 

1956); |B| = 0.01782 +0.00003 cm } Np?37, 
‘iz. %, * 

~ Mill (Paw — ) -™ P =+0.03015 + 0.00005 cm™ 

1 rh yr2 zhy 
49 (18 wan 822 yy The sign of the quadrupole term P is directly 
For a system of many independent spins the rset —— npeete to / to 

> be macroscopic moment M =)» satisfies the same ee oS ee ee oe one Monee 


equations, which may then be regarded as classi- acres moment @. 


: 237 
oe cal equations determining the precession of the @(Np™) : rege foes nig ving — 

‘| Moment. The quantities 8xx8y y/Bz2 etc., thus pire saggerbs “ ys a - A py a 
1959), | have a direct observational significance, which Ce ee ee ee eee 


implies that the magnitudes |g.,|, etc., and the cles from oriented Np”*” nuclei.‘ There has been 
, i 
_ magnitude and sign of gyxZyy a one cheashinn an apparent discrepancy between the two methods, 





sachus’} A more general form for the latter, of course, which is now resolved by the realization that the 
etts, not limited to principal axes of the g tensor, is sign of g\ is not just conventional and has in fact 
onex- | detig!. been incorrectly chosen. 

— When the system has an axis of symmetry, : 

K). Bex = Byy =g, so that the sign as well as the mag- C. A. Hutchison and B. Weinstock, J. Chem. Phys. 
rked out | Mitude of 8,2 =&| has meaning. In general, how- (to be published) . 


2 
J.C. Eisenstein and M. H. L. Pryce, Proc. Roy. 
ever, the 

sign of g, is conventional and can be " (London) A229, 20 (1955). 


959). r 
= eversed by a trivial traneteemation. Consider ‘Bleaney, Llewellyn, Pryce, and Hall, Phil. Mag. 
4 system with two states (S=%). The basic states 45, 992 (1954). 
ia), 1b) are chosen as the eigenstates for ~ 4Roberts, Dabbs, Parker, and Ellison, Bull. Am. 
S, =+3, thereby in part defining the fictitious Phys. Soc. 1, 207 (1956). 
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FLUCTUATIONS IN PARTIAL RADIATION WIDTHS 


L. M. Bollinger, R. E, Coté, and T. J. Kennett 
Argonne National Laboratory, Lemont, Illinois 
(Received August 3, 1959) 


One of the main efforts of slow-neutron spec- 
troscopy has been to measure and interpret the 
distribution of partial widths for elastic scatter- 
ing, radiative capture,and fission in neutron res- 
onances. Continuing improvements in experimen- 
tal techniques have now made it feasible to inves- 
tigate the distribution for another kind of width, 
the partial width for individual radiative transi- 
tions. Of special interest is the distribution of 
the widths Tj; for high-energy transitions to some 
single low-energy state from the many closely 
spaced states i that are formed by capture of s- 
wave neutrons in resonances with a particular 
value of the total angular momentum J. 

The published experimental evidence concern- 
ing the distribution of the partial radiation widths 
appears to be contradictory. Kennett et al.* and 
Bird et al.” find evidence that the distribution of 
partial widths for transitions in Mn® and Hg?” 


necessary, these results were checked by coin- 
cidence measurements. The data obtained are 
summarized in Table I. The relative widths Di: 
are obtained under the assumption that the num. 
ber of detector pulses having a height greater 
than about 1.5 Mev is proportional to the number 
of neutrons captured. This assumption depends 
on the belief that the multiplicity of y rays is 
approximately constant for resonances in a single 
nuclide, a belief that was confirmed experimen- 
tally for the nuclides studied. The errors given 
for the p; are principally estimates of systematic 
uncertainties resulting from an incomplete knowl- 
edge of line shapes for single y rays. When they 


i 























are broad. In contrast, Hughes et al.* have re- 





ported results for W'™ which are interpreted as 
indicating that the partial radiation widths fluc- 
tuate only slightly. We have attempted to clarify 
the experimental evidence by performing a more 
extensive and refined set of measurements than 
those previously reported. The experimental 
objective of our study was to observe the high- 
energy end of resonant-capture gamma-ray spec- 
tra in enough detail to be able to determine the 
probabilities of transitions not only to the ground 
state but also to one or more of the low-energy 
states of the compound nucleus. These transition 
probabilities were obtained from the pulse-height 
spectra of a single large (4 in. x4 in.) Nal(T1) 
scintillator of good quality and from the spectra 
associated with coincident counts in two crystals. 
To achieve a high intensity of gamma rays from 
resonant capture, the Argonne fast chopper was 
used with the exceptionally short flight path of 
6.7m. Asa result, the neutron time-of-flight 
resolution was poor (~0.4 p.sec/m) and only a few 
resonances could be studied in each nuclide. 

Our most reliable spectra for isolating individ- 
ual transitions result from capture in resonances 
of the even-odd target nuclides Pt'®* and Hg’. 
An example of the pulse-height spectra recorded 
is given in Fig. 1. By unfolding these spectra we 
obtain relative probabilities of transitions to the 
ground state and to the first excited state. When 
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FIG. 1. Pulse-height spectrum of y rays resulting 
from neutron capture in the 34- and 175-ev resonances 
The ground-state transition at 8.03 Mev is 


of Hg'®*. 


clearly seen for the 34-ev resonance. 
this transition for the 175-ev resonance is lower by 


more than an order of magnitude. 


the large difference in intensity between transitions 
to the ground state and the first excited state (7.66 Me 
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are listed, the absolute values of partial widths 
r.. were obtained by normalizing our data on 
gamma rays from thermal capture to those tab- 
ylated by Bartholomew.‘ 

In general, the spin assignments of the reso- 
nances studied are not known from measurements 
independent of the gamma-ray spectra. Thus the 
spin assignments must be made on the basis of 
the characteristics of the high-energy spectra.°® 
For s-wave capture in Pt’®* and Hg’®, the com- 
pound nuclide is formed in either a 0° or a 1” 
state. An observation of a moderately strong 
transition to either the 0* ground state or the 2+ 
first excited state was taken as evidence for an 
£1 transition and hence for an initial state having 
J=1. 

The data of Table I are summarized in graphical 
form in Fig. 2, where the integral distribution of 
the ratio R,. =p../p,. . is plotted. Since the 
distribution of R is td Name as that of R', we 
use the value that is less than unity. In an effort 
to obtain a quantitative measure of the distribution 
of the partial radiation width Ty}, we follow the 
Porter-Thomas procedure’® of assuming the cor- 
rect distribution to be a y” distribution with v 
degrees of freedom, i.e., 


(v/2)"" yvland 
T(v/2) 


where x =I;/T and I'(v/2) is the well-known I 
function. The dashed curves in Fig. 2 show the 
fraction of cases for which Rj; is greater than the 


dF= e “UX 2 dx, (1) 
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FIG. 2. The integral distribution of width ratios 
R= P45 /PG+ 1); The solid curve represents the 


e rimental data; the dashed lines are calculated 
curves for various values of v. 


specified value, the fraction being computed from 
Eq. (1) for several values of v. The qualitative 
comparison of the experimental data of Fig. 2 
with the calculated distributions indicates clearly 
that the correct value of v is a small number. To 
obtain a more quantitative estimate of v, the data 
for Pt and Hg have been treated by the method of 


Table I. Partial widths for high-energy radiative transitions. The superscripts 0 and 1 on p and I refer to the 
ground state and first excited states, respectively. The energies of first excited states are W'™, 111 kev; Pt!%, 
354 kev; Hg’, 368 kev. The values of p for different nuclides are normalized in an arbitrary way with respect to 
each other and should not be compared; however, for each resonance p!/p®=r'/r®. 











Resonance 








0 1 

Target energy . r 
nuclide (ev) J (p° + p!) p® p! (10-®ey) (107%ev) 
Hg" -2 (0) <0.03 0.3140.11 <90 800 

34 1 3.52+0.03 0.26+0.06 9000 670 

130 (1) 0.35+0.19 0.3240.17 900 820 

175 1 0.0940. 06 1.2540.12 230 3100 
pris 12 1 1.78+0.07 <0.1 

20 1 0.46+0.05 0.18+0.03 

68 1 0.76+0.06 0.43+0.10 
ws 7.6 1 2.5340.11 2.2540.15 0.28+0.09 

27 1 1.48+0.08 0.23+0.10 1.25+0.09 

41 1 0.75+0.16 0.26+0.10 0.4920.12 

46 1 1.6240.10 1.27+0.40 0.35+0.09 
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maximum likelihood,’ which allows both v and 
the mean values p, to be unknown parameters to 
be determined from the data. By this treatment 
we find with 80% probability that 0.7 < v<4, the 
most probable value being 2.4. 

The wide fluctuations observed in the partial 
widths given in Table I are probably consistent 
with the data of Bird et al.,* but seem flatly 
contradictory to the observation of Hughes et al.* 
of a “deviation from the mean of only 20%” in 
the widths for ground-state transitions from the 
states of W'™. Therefore, in an effort to resolve 
the discrepancy and to check on the possibility 
that vp differs from nuclide to nuclide, we also 
have studied the gamma-ray spectra from capture 
in resonances of W'**, Because of the small sep- 
aration (111 kev) of the first excited state from 
the ground state in W'™, these spectra are much 
harder to resolve into individual transition prob- 
abilities than are the spectra for Pt'® and Hg”™. 
The quantity that can be obtained with greatest 
certainty is the sum (p°+ '), of relative widths 
for transitions to the ground state and the first 
excited state. The values obtained for this sum 
(listed in Table I) exhibit a surprising degree of 
uniformity. However, by examining the pulse- 
height spectra for W'™ with great care, we are 
able to deduce approximate values of individual 
widths and then we find strong evidence for a 






transitions to two low-energy states; this sum- 
ming, combined with a statistical accident, ac- 
counts for the uniformity of their results. 

Although our values for the partial radiation 
widths fluctuate widely, it is of theoretical im- 
portance to determine quantitatively whether or 
not the data are consistent with what would be 
expected for a single-channel process, ® for which 
v=1. This question was studied by means of a 
Monte Carlo calculation which allowed us to'take 
into account our inability to observe very weak 
transitions. Assuming the experimental values 
of the partial widths to be a sample drawn from 
a population that obeys the Porter-Thomas distri- 
bution (v=1), we find that there is a 30% chance 
of obtaining an estimate of v that is greater than 
our experimental value. Thus we conclude that 
the experimental data are in good agreement with 
a distribution having v=1. 

The authors are indebted to R. T. Carpenter 
for carrying out the Monte Carlo calculations. 
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ELECTRON CAPTURE DECAY OF ORIENTED NUCLEI = 
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Recent developments in the theory of beta decay’ 
implying that the Hamiltonian is not invariant 
with respect to space inversion and charge con- 
jugation (and perhaps also time reversal), have 
suggested new types of experiments which might 
yield information concerning the beta-decay in- 
teraction. In this paper we suggest an experi- 
ment on oriented nuclei, the results of which 
should enable one to make a choice between the 
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ST and VA variants. 
The angular distribution of recoil nuclei from 


the decay by electron capture of oriented nuclei 
has been computed by Treiman? and Frauenfelder Fz, 
et al.* The angular distribution function is 


Tec 








1 (J,) B, whe 
FO) =z-[1- 7 ross], the 
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sion of the photon. 


where 6 is the angle between the recoil direction 
and the axis of orientation (Fig. 1), and J is the 
spin of the parent nucleus. The quantities B, 

and b depend on the interaction constants.” In 
order to gain information on the beta-decay inter- 
action we ought to estimate the value-—or at least 
to obtain the sign—of B,. 

Direct measurement of the angular distribution 
of recoil nuclei is a very difficult experimental 
problem. On the other hand, this problem could 
be solved by an indirect method, viz., detection 
of resonant scattering of the gamma rays emitted 
after the decay. A similar method has been used 
by Goldhaber et al.* 

As is well known, resonance scattering of 
gamma-radiation is hampered by the energy 
losses which occur in the process of emission 
as well as absorption, owing to the recoil of the 
tucleus. If the nucleus has previously emitted 
aneutrino, the Doppler shift of the photon emitted 
in the recoil direction can compensate this energy 
loss. Thus, resonance scattering may yield some 
information concerning the recoil direction of the 
nucleus, 

The resonance scattering cross section of a 
photon emitted at an angle » with respect to the 
recoil direction of the nucleus emitted within the 
Solid angle d2 is® 


do=(o,.0' 7’? /2A) 
xexp[-(E, /AMc?)7(E cosy -E > a, (1) 


where E. is the photon energy, E, the energy of 
the neutrino, 0, the resonance eress section, T 







the natural width of the intermediate level, A 
the Doppler width of the line, and M the mass of 
the nucleus. 

Let us suppose that the nuclei are oriented 
along the z axis and that the photon is emitted in 
the k direction of the zx plane. We have then 


cosy =sinésing{cosy +cosécost. (2) 


The resonance scattering cross section is 


o(t) = (oT /8An”?) fan(1 -acosé) 


xexp[-(E /AMc*)*(E cosy “EI, (3) 

with 
(J) B, : 
am " 


This may be also written as follows: 


a(t) =0; -Afd2 cosé 
xexp[-(E, /AMC*Y(E cosy-E, )*], (5) 


where 
A =0,aT /8An™, (6) 
and 
0; = (0,1 /84n”) fan 
xexp[-(E, /AMc*)*(E_ cosy -E,). (7) 


As can be seen, 0; does not depend on the angle ¢. 

Let us compute the value of o for ¢ =0 and ¢ =7. 
In these cases, if in Eq. (5) we take for the one 
factor cos@ the values for which the exponent 
takes the value zero, we obtain 


0(0) = 0; - 27AS cosy, 


o(1) = 0; +27A4 COSY, (8) 
with 
T 
g=| dé@siné 
5 
xexp[-(E, /AMc*)(E  cosd -E YY’) ’ (9) 
and 
cosy, “B/E, (10) 
The integral 4 can be brought to the form 
ane E,(E, -E,)/AMc* - 


a -y2 
°"E EB Y-E,(E,+E,)/AMe arm, 
y v 
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i.e., the probability integral. If 
E (E -E )/AMc?>1, (12) 
. Y 


and if we take into account the fact that the res- 
onance is sharp, the integration limits can be 
replaced by + © and 


sem AMC*/E E (13) 


IE, =E,, then the upper limit in (11) is zero 
and 


gum AMc/2E_ E (14) 


In order to obtain the sign of B,, one has only 
to perform two measurements at 0 and 7, i.e., 
for two opposite orientations. If (Jz) /J is large 
enough, the relative variation of o may reach 





several tenths of a percent. Obviously, as is the 
case in other experiments of this kind, quantita- 
tive results can be obtained only if the mean life- 
time of the level is smaller than the mean time 
interval elapsed until the first collision of the 
recoil nucleus occurs. 
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COSMIC -RAY-PRODUCED Si* IN NATURE 


Devendra Lal, Edward D. Goldberg, and Minoru Koide 
Scripps Institution of Oceanography, University of California, La Jolla, California 
(Received September 21, 1959) 


The radio-isotope Si**, expected to be produced 


in the nuclear spallations of atmospheric argon 
by cosmic rays, has been detected in the marine 
environment. Its half-life, which is as yet only 
known approximately as 700 years,’ lies between 
those of two cosmic-ray-produced isotopes, C™* 
(5570 years) and H® (12.5 years). This isotope, 
therefore, bridges the gap in time periods which 
can be adequately studied by the latter nuclides. 
The potential significance of Si* in the studies of 
geophysical and geochemical processes such as 
circulation and mixing within the oceans, and 
chronology of rapidly accumulating siliceous 
marine sediments, ice caps, etc., will be dis- 
cussed elsewhere. 

The production rate of Si** has been calculated 
on the basis of the existing cosmic-ray data and 
the observed fall-out of another cosmic-ray-pro- 
duced isotope, P* arising from spallation of 
atmospheric argon. The global production rate 
thus obtained is 2.0x10~* Si** atoms/cm? sec. 
The corresponding inventory of Si** on the earth 
is 28 kilocuries or 1.75 kg. 


The principal exchange reservoir for Si™ is the 


marine hydrosphere, which probably receives 

most of its activity via the oceanic rains. Using 
its calculated production rate and the known con- 
centration of silicon in oceanic waters, we esti- 
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mate that approximately 100 and 40 tons of sur- 

face and deep waters, respectively, are required 
to yield an activity of one disintegration per mi- 
nute. Sponges which lay down an opaline (silicon 
dioxide) skeleton derived from the silica in ma- 

rine waters provide a truly natural means of con- 
centration. 

Approximately 200 grams of silicon dioxide 
were obtained after thorough cleansing of three 
inshore sponges dredged from the Gulf of Cali- 
fornia in 1956. The activity of Si** was measured 
by counting the activity of its daughter nuclide 
P* by milking after a period of three months. 
The results, to be described in detail elsewhere, 
conclusively proved that the observed activity 
was due to P® produced in the decay of its paren! 
nuclide Si*?. 

The observed activity of 19.6 disintegrations, 
minute per kg Si is consistent with that calculated 
on the basis of the estimated production rate of 
Si** and a mean mixing time of 2000 years be- 
tween the deep and surface oceanic waters. 

This work was supported by grants from the 
Atomic Energy Commission, Division of Biology 
and Medicine, and the Air Force Geophysics Re 
search Directorate. 





'M. Lindner, Phys. Rev. 91, 642 (1953). 
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SUPERFLUIDITY OF NUCLEAR MATTER* 
R. L. Mills and A. M. Sessler 
The Ohio State University, Columbus, Ohio 


S. A. Moszkowski 
University of California, Los Angeles, California 


and 


D. G. Shankland 
Aeronautical Research Laboratory, Wright -Patterson 
Air Force Base, Ohio 
(Received August 17, 1959) 


The possible existence of an energy gap in the 
spectra of nuclei, analogous to the energy gap in 
the theory of superconductivity, has been the 
subject of great interest recently.’»? A criterion 
for the superfiuidity of infinite nuclear matter has 
been given in the form of a variational principle.” 
In this Letter we report on computations which 
are an improvement over those in CMS in three 
regards; the effective mass approximation has 
been removed, more realistic two-body potentials 
have been employed, and superior trial functions 
have been obtained. With these modifications we 
find that the criterion is satisfied, and nuclear 
matter is superfluid. That is to say, the lowest 
state of nuclear matter is a superfluid state sep- 
arated from the first excited state by an energy 
gap. In this ground state, which is unobtainable 
by perturbation theory (and lower in energy than 
the state described by Brueckner et al.), nucleons 
are strongly correlated. The correlation function 
g(r) satisfies an equation? which may be ex- 
pressed as the criterion for the extremum of a 
quantity ,(0). Thus the criterion for superfluidity 
may be given? in the form 


(0) h? . 2 2 2 
i,” —f \k -ky \|g(k) |? dk 
0 


+f v(r) |g(r) |? dr<0, (1) 


o 


where g(r) is a trial function with Fourier sine 
transform g(k), v(r) is the true two-body poten- 
tial, hk, is the Fermi momentum, and m* is the 
effective mass at the Fermi surface. If the ef- 
fective mass approximation is not made, then 

Eq. (1) is replaced with 


MO 2 telt) -e0,)Ile(e) Ia 


i) 


+f v(r)\g(r)|?dr<0, (2) 
0 


where e(k) is the effective one-body potential for 
a particle in infinite matter. 

The arguments of CMS suggest a trial function 
of the form 


g(r) =\ngr g(r), r<1/B 
=0, 2 1/p (3) 


where g(r) is arbitrary except that it approaches 
sink FY a8 r-~, and g is a variational parameter. 
In this case Eq. (2) yields for the leading term, 
in the limit as B-0, 


_ (0) 


4n(ing)? ~ 2 f le(e) - e( ,,) |u*(k) dk 


+ f v(r)¢*(r) dr, (4) 


where u(r) = sink, - o(r), and u(k) is the Fourier 
sine transform of u(r). 

In the limit that k,-0 the basic approximations 
of the theory probably break down. In this limit 
we can, however, develop mathematical results 
pertaining to the variational principle which give 
insight at nonzero values of k F’ If kp-0 then in 
the effective mass approximation the variational 
principle is minimized by a solution of the 
Schrodinger equation, 


h? d? Wk 
on de +7) | Yoon) =F gap”) (5) 


381 














VoLuME 3, NUMBER 8 


PHYSICAL REVIEW LETTERS 





OcTOBER 15, 1959 


















Combined with the results of CMS, given above, 
this suggests a trial function with 


g(r) = Yon” » Ke 


=sink 7, 1<?r (6) 


F 
where y . is an appropriately normalized solu- 
tion of Sbchrodinger equation and ry, is chosen 
so that ¢(v) and ’(r) are continuous at 7,. If we 
write 


elk) —_ + Vie), (7) 


then Eq. (4) may be written, after using the rela- 
tion between kinetic and potential energy for a 
solution of Eq. (5), 


»(0) . 
4n(1ng)? ad “ong range) + p (dispersion) 
+ 1 (Pauli), 
where 
co 
-_ a | 
I, ny v(r) sin k,rdr, 
Yo 


Yo 


I=? f V(R)ut(edk-2V (ef u*(r)dr, 
fv] 


*e 


1=4 [e(e) - e (le .) )u*(k) dk. (8) 


| a 


CY) 


In this form the equation is particularly suited 
for numerical computation since u(r) is nonzero 
only over a finite domain; V(%) is essentially non- 
zero over only a finite domain, thus requiring 
the evaluation of the Fourier sine transform of 
u(r) for only a finite domain of k values, and in 
contrast to Eq. (2) none of the integrands have 
points of singularity. Numerical computations 
have been made employing a high-speed digital 
computer and using the Gammel- Thaler potential 
for ‘S states® and a variety of choices for V(k) 
andk,. Fork, we have used 1.34 f-* and 1.40 f-? 
appropriate to the observed density in heavy nu- 
clei, corresponding to the equations for nuclear 
radii R =1.13A”* f and R =1.08A™ f. [1 fermi (f) 
=10°** cm.] We have also examined k= 1.48 f°" 
which corresponds to a density slightly higher 
than that observed in finite nuclei but perhaps 
close to the density of infinite nuclear matter. 
For the single-body potential in infinite nuclear 
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matter V(k), we have used the values given by 
Brueckner and Gammel,*>® as well as an equation 
of the form 


V(k) = -V,/(1+ ak?), (9) 




























where we have chosen the values of V, and a by 
the following two criteria: (i) V(e;) shall equal 
the binding energy per nucleon (15.5 Mev) plus the 
kinetic energy at the Fermi surface (hk F /2m); 
(ii) the effective mass at the Fermi surface is 
m* =0.67m, i.e., 





de(k) hk 
omni (10) 
dk —* 
kr 


The failure of V(k) as obtained by Brueckner and 
Gammel to satisfy criterion (é) is the reason for 
our choosing a potential of the form of Eq. (9). 
We find the parameters listed in Table I. 

The results of the calculation are given in 
Table II where it may be seen that for both choices 
of V(k) and k, =1.34 f-* there is superfluidity,* 
while at k= 1.48 f-* there is no superfluidity. 
For k= 1.40 f-* there is superfluidity with the 
potential of Eq. (9), but not with that of Brueck- 
ner and Gammel. This is a variational calcula- 
tion so that in the cases where the values of (0) 
are very close to zero, one can expect that a 
superior trial function might well yield super- 
fluidity. 

It should be recalled? that the hard core in the 
two-body potential is extremely important in the 
calculation since in its absence there is super- 
fluidity for any attractive potential.’ It can also 
be seen in Table II that a potential with a positive 
phase shift at momentum hk does not in general 
suffice for superfluidity.* The small values of /, 
show why a trial function of the form we have 
chosen is so successful. 

We have investigated the validity of the effective 
mass approximation by computing (0) at kp=1.4/ 
f-' and with m* =0.67m. In the same arbitrary 


Table I. Parameters for the single-body potential 
in infinite nuclear matter [Eq. (9)]. 








ke (ft) V, (Mev) a (f-*) 
1.34 80.71 0.2992 
1.40 87.41 0. 2815 
1.48 96.35 0. 2646 


— 
















us the 
im); 


(10) 


r and 
n for 
9). 


L 
choices 
ty," 
ty. 
the 
eck- 
sula- 
f (0) 
a 
er- 


n the 
in the 
per- 

| also 
ositive 
eneral 
s of I> 
ive 


ffective 
F= 1. 40 


rary 


ential 


—SS— 
—— 
) 
: 
) 
) 
———~= 











VoLUME 3, NUMBER 8 





PHYSICAL REVIEW LETTERS 


OcroserR 15, 1959 





Table II. 


Values of the various terms in Eq. (8) in arbitrary units, for different 


values of kg and two different single-body potentials in infinite matter. 








I) In Ip 1, +1ptlp 
k= 1.34; V of Eq. (9) -55.4 21.0 2.4 -32.0 
kp =1.34; V of BamiG? -55.4 43.3 2.6 - 9.5 
kp, =1.40; V of Eq. (9) 43.9 22.7 3.3 -17.9 
kp =1.40;Vof BandG* 43.9 44.2 3.5 + 3.8 
ky = 1.48; V of Eq. (9) -28.8 25.1 4.9 + 1.2 
k,.=1.48;Vof BandG*  -28.8 45.6 4.8 +21.6 


i | 





[See references 4 and 5. 


units employed in Table II, we find J; = -43.87, 
Ip=79.79, and Jp=2.85. Although the Pauli term 
is estimated satisfactorily in this manner, it can 
be seen that the dispersion term is grossly over- 
estimated. This is because the hard core in the 
two-body potential introduces very high Fourier 
components into the correlation function, thus 
making the dispersion term sensitive to the nature 
of the single-body potential at high momenta. 

Evaluation of the energy gap and the two-body 
correlation function, with a discussion of the im- 
plication of these results in the theory of nuclear 
structure, will be the basis of a future communi- 
cation. The existence of an energy gap in finite 
nuclei, of the type demonstrated here to exist in 
infinite nuclear matter, is strongly suggested by 
these computations, in agreement with experi- 
mental evidence. 





* 
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For purposes of numerical computation we have 
fitted the curve of Brueckner and Gammel with 


Vik fe) = [-111+ 39. 1 (k/R ,)* - 8.26 (k/k;,)*) Mev, 


key, < 2.4 
=0, k/R > 2.4. 


®This may be contrasted with the results of Emery 
who finds that the Fourier component of the two-body 
potential at the Fermi momentum must be negative for 
“Cooper singularities” in the Bethe-Goldstone equa- 
tion. The Bethe-Goldstone equation is, however, dif- 
ferent from the basic equations of our theory [CMS, 
Eqs. (18) and (19)] so that a direct comparison is not 
possible. Certainly an energy gap exists in our theory 
despite the fact that all the Fourier components of the 
two-body potential are infinite. 

™De Dominicis and Martin replace the two-body po- 
tential with an effective potential which is nonsingular 
and everywhere attractive, and thus obtain super- 
fluidity for nuclear matter. 

®Soloviev finds as a criterion for superfluidity that 
the two-body potential be “essentially attractive” at 
energies corresponding to the Fermi momentum. This 
differs from our criterion in that it ignores the con- 
tributions of the Pauli and dispersion terms, Jp and 


Ip. 











VoLuME 3, NUMBER 8 PHYSICAL REVIEW LETTERS 








ee 


NUCLEAR RESONANCE FLUORESCENCE WITH SOLID SOURCES: Mg”, Si**, Cr”, Sr®, AND Ce! 


S. Ofer* and A. Schwarzschild 
Brookhaven National Laboratory, Upton, New York 
(Received September 29, 1959) 


The nuclear resonance fluorescence technique 
is well suited in many cases for the determination 
of short lives (7< 10°" sec) of highly excited 
states, where most other techniques fail. We 
have measured the lifetimes of the first excited 
2+ states of the even-even nuclei Mg”, Si”*, Cr™, 
Sr®, and Ce**° using the method of self-absorp- 
tion of resonantly scattered y rays. The primary 
y rays were emitted by radioactive isotopes which 
decay through these 2+ states. The required en- 
ergy compensation for the y-recoil energy loss 
on emission and resonant absorption is provided 
by the Doppler shift arising from the velocity of 
the recoil from the preceding 8 or y ray. Detailed 
considerations of the analysis of resonance ab- 
sorption experiments are given by Metzger’ and 
by Ofer and Schwarzschild.” 

All our measurements were performed using 
solid or liquid sources at room temperature. In 
such sources the recoil velocity from the preced- 
ing radiation is often dissipated during the life- 
time of the 2+ state. Therefore, the resonance 
yield is much reduced from that obtained from 
gaseous sources. Because of this expected 
strong attenuation very few simple resonance 
experiments using solid or liquid radioactive 
sources have been previously reported. In the 
present work the use of very strong (~1 curie) 
nongaseous sources and good shielding facilitated 
the measurement of lifetimes as long as ~ 10° 
sec. The derivation of the lifetimes from the 
self-absorption experiments does not depend on 
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the magnitude of the attenuation of the resonance 
yield. 


The experimental arrangement is shown in Fig, 


1. Sources containing the reactor- produced 
radioactive isotopes Na™ (15 hr), Al*® (2.3 min), 
v® (3.7 min), Rb® (18 min), and La’° (40 hr) 
were used in the studies of the levels of Mg™, 
Si**, Cr™®, Sr®, and Ce’*®, respectively. Figure 
2 shows the observed spectra of the various 
resonances. 

Table I presents our results and compares 


\ SCATTERER 


ES pp 
(1) He vimer 
«0 






SOURCE 
ABSORBER POSITION 


FIG. 1. Experimental arrangement used for the 
resonant scattering experiments. Shielding on top 
of apparatus is omitted. The Nal crystal was 2 in. 
x2 in. for the Sr®® and Ce® measurements, 3 in. *3 in. 
for the Mg“ and Cr measurements, and 5 in. 5 in. 
for the Si*® experiment. The distance a was increased 
by 2.5 in. in the Mg“ and si® measurements. Scat- 
terers and absorber thicknesses were between 4 and 
10 g/cm’. 
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PULSE HEIGHT 


FIG. 2. Pulse-height distributions showing the resonance lines 


and the nonresonant background for the conditions indicated. 
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Table I. Results of mean lifetime measurements. 
Heavy-ion Enhancement 
Present Other resonance Electron Coulomb relative to 
Excited measurement fluorescence meas. scat. meas. excitation Weisskopf 
level (1078 sec) (10-'* sec) (107!3 sec) (10-'? sec) estimate 2 
Mg“, 1.37 Mev 1144 17+4> 19° 15 +44 31 +6 
9.5+8.5° 
2.6+0.2f 
si, 1.78 Mev 7.342.2 6° 6.7+1.78 12+3 
Cr’, 1.43 Mev 8 +2 1444 
sr, 1.85 Mev 1.55 +0.40 1.4¢ 10+3 
cr#*®, 1.60 Mev 1.10+0.15 16 +3 





4Weisskopf estimate calculated with nuclear radius 
=(1.2«107!)A¥3 om. 

babsolute yield from gaseous source,N. Deliagin and 
V. Shpinel’, Izvest. Akad. Nauk. S.S.S.R. Ser. Fiz, 22, 
861 (1958)(translation: Bull. Acad. Sci. U.S.S.R. 22, 
855 (1958)] . 

°Richard H. Helm, Phys. Rev. 104, 1466 (1956). 
Explicit values of errors are not given in this work. 

Alkhazov, Grinberg, Gusinskii, Erokhina, and 
Lemberg, J. Exptl. Theoret. Phys. (U.S.S.R.) 35, 


them with results of other experiments. The 
agreement is generally very good except for the 
measurement by Burgov and Terekhov of the Mg™* 
lifetime. They studied the y-resonant y angular 
correlation in Mg** to determine the nature of 
the 8-decay interaction. The very high resonant 
cross section they observed is not consistent 
with the lifetime of this level. In the last column 
of Table I the enhancements of the measured 
transition probabilities relative to single-particle 
estimates are given. The enhancements of the 
Ff transitions in Si7*, Cr, Sr®*, and Ce™° are 
~13. These low values are sometimes attributed 
to the “magic” nature of these nuclei. However, 
it should be noted that most known £2 transitions 
from first excited 2+ states with energies above 
1 Mev which are not associated with semimagic 
nuclei also have enhancements of ~ 13. Typical 
examples are the transitions in Ti*®, Zn“, Zn, 
Ge” as well as Si?®. The enhancement of the Mg™ 
transition is anomalously high compared to the 
mown £2 transitions with energies above 1 Mev. 
In order to study the effect of the source envir- 
onment upon the resonance yield we measured 


absolute resonance yields in different environments. 


The resonance yield is proportional to the width 
of the level and to N(E,y). N(E,)dE is defined as 


1056 (1958)[translation: Soviet Phys. JETP 35, 736 
(1959)] . 
©Self-absorption coincidence experiment; Arns, 

Sund, and Wiedenbeck, Phys. Rev. Letters 2, 50 (1959). 
fn. Burgov and Iu. V. Terekhov, J. Exptl. Theoret. 
Phys. (U.S.S.R.) 35, 932 (1958)(translation: Soviet Phys. 

JETP 35, 651 (1959)] . 
SAlkhazov, Grinberg, Erokhina, and Lemberg, Izvest. 
Akad. Nauk S.S.S.R. Ser. Fiz. 23, 223 (1959). 


the fraction of the y rays emitted from the 2+ 
state in question which have an energy between 
Ey, and Ey+dE, where Ey is the resonance energy. 
The distribution of y-ray energies is a result of 
Doppler broadening of the emitted y line due to 
the recoil from the preceding radiation. Due to 
collisions of recoils with environmental atoms, 
N(E,) changes with time. For solid or liquid 
environments N(E,) changes appreciably in times 
of the order of 10-** sec. In the present cases 
N(Ey) decreases rapidly in times short compared 
to the decay time of the levels studied. Thus, 
most of the resonance yield is a result of y rays 
emitted shortly after the emission of the preced- 
ing radiation. 

We define A as the ratio of the experimentally 
observed resonance yield to that expected from 
a “gaseous” (no collisions) source and we define 
t as the mean time during which an emitted y ray 
can receive sufficient Doppler compensation to 
be resonantly scattered. In order to calculate 
the expected yield from a gaseous source, we 
used the lifetimes obtained from our self-absorp- 
tion measurements and values of N(E,) calculated 
from the formulas of Morita et al.* ¢ is calculated 
from A using the equation A =1-e-t/T. The values 
of A and ¢ are given in Table II, and it is seen 
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Table II. Attenuation of resonance yields due to recoil stopping. 





—— 





Excited level Source environment 


A® t (10~" sec) ot (1078 cm) 





Mg”, 1.37 Mev Nal 
Ssi¥, 1.78 Mev Al 
Al,(SO,)3° 9H, 
Cr*?, 1.43 Mev Vv 
voso, 
VOSOQ, water soln. 
Sr®™, 1.85 Mev RbF 


Ce‘, 1.60 Mev La,0; 


La(Cl); water soln. 


—____ 


0.02 


0.015 
0.015 


0.015 
0.025 
0.03 


0.1 
0.2 
0.3 


oo tw 
-— 88S 6m be ow uo 


On wo ND “ee wb 
. ° 
ou 








Absolute attenuations have possible errors of +50%. Fora given resonance the relative attenuations for dif- 


ferent environments have errors of + 20%. 


that in the cases studied, ¢ is about 2x10" sec. 
We define v as the arithmetic mean of the maxi- 
mum recoil velocity resulting from the preceding 
radiation and the minimum recoil velocity which 
can Doppler -shift the succeeding 7 ray into the 
resonant region. Values of v¢ given in the last 
column of Table II are representative distances 
the recoils traverse before losing so much veloc- 
ity that they cannot provide the required Doppler 
compensation. It is clearly seen that these “col- 
lision distances” do not differ very much, one 
from the other, in the cases investigated. This 
constancy of the collision distances is related to 
the fact that they depend on the interatomic dis- 
tances which are of the order of a few angstroms. 
Recent calculations of Gibson et al.* of the tra- 
jectories of ~75-ev copper recoils in a copper 
lattice indicate that usually the recoil velocity is 
maintained for several A and then drops very 
rapidly. A similar analysis of the environmental 


attenuation of resonance field was given by Ilkovac.* 


One expects that the influence of the source 
environment on the yield is related to the ratio 
of the mass of the recoil to that of the surround- 
ing atoms. When these masses are equal, the 


energy loss per collision is expected to be highest 
and the resonance yield small. Our experimental 
results of the effect of source environment on 
resonance yield are in agreement with these ex- 
pectations. In particular, the resonance yield 
from a metallic V source is lower than from a 
VOSO, solid source and the difference between 
the VOSO, solid and water solution is not great. 

The authors would like to thank Dr. G. Vineyard, 
Dr. M. Goldhaber, and Dr. A. W. Sunyar for 
helpful discussions and Mr. J. Horden for his 
assistance. 
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METHOD FOR PRODUCING ALIGNED DEUTERONS 
M. E. Rose 


Oak Ridge National Laboratory, Oak Ridge, Tennessee 
(Received September 18, 1959) 


The desirability of a method for producing an 
aligned beam of deuterons is so well recognized 
as to need no elaboration or extensive comment. 
It is the purpose of this note to describe a meth- 
od for the production of such a beam. 

The principle of the method is extremely sim- 
ple. If thermal neutrons are captured in hydro- 
gen, the emerging deuterons are automatically 
aligned along their direction of motion. In addi- 
tion, since the capture takes place primarily 
through the virtual ‘S, state, the alignment is al- 
most complete. The validity of these statements 
becomes apparent in view of the well-known fact 
that, referred to its own propagation direction, 
the (2.226 Mev) photon carries off an angular 
momentum component equal to +1. Hence, from 
aJ=0 state the transition to the J=1 deuteron 
ground state populates only the M=1 substates. 
This would result in complete alignment; that is, 


N= (3M? - 2), (1) 


which is the appropriate form of the degree of 
alignment? for J=1, has the value unity. 

Of course, the emerging deuterons are of very 
low energy, 1.3 kev. However, acceleration of 
these deuterons to higher energies without pro- 
ducing any appreciable de-alignment is feasible. 
The analysis of the alignment could then be 
achieved, for example, by observing the angular 
distribution in the T(d,)He* reaction.? The low 
energy of the H? would make it feasible to ap- 
preciably increase the intensity by collecting 
them over a large solid angle and focusing the 
deuterons by the accelerating field or by magnetic 
means. 

Clearly, the principle of the method would apply 
to any recoil nucleus produced in a gamma tran- 


sition from J’ toJ. Then 


where F, is the gamma-ray angular correlation 
parameter.® For J’=0 andJ=1 this gives n, =1, 
as mentioned. If n-p capture via other states 
(°S) is taken into account, the net alignment is 
s , 

Mig= 2 15,ngfd 2, Ly (3) 
where J ye are the relative cross sections. For 
8S capture the cross-section ratio is 


2 
Ae (2 : _) ; (4) 
I, My - 


n 





and Ne= 0.99. 

The values of n, given above refer to perfect 
collimation of the emerging deuterons. If deu- 
terons emerging in a cone of half-angle 6 are 
collected, the alignment is reduced by a factor 


6 ) 
f dQ A(cos0)/| dQ =4cos6(1+cosé). (5) 
- 0 


Thus, the increase in intensity with a 30° half- 
angle detection cone is accompanied by a reduc- 
tion of n, by only 20%. 





‘Simon, Rose, and Jauch, Phys. Rev. 84, 1155 (1951). 

*Galonsky, Willard, and Welton, Phys. Rev. Letters 
2, 509 (1959). The term “polarization” used in this 
paper has the general connotation of “orientation.” 

5These parameters are defined in L. C. Biedenharn 
and M. E. Rose, Revs. Modern Phys. 25, 729 (1953). 
For an extensive tabulation see M. Ferentz and N. 


Rosenzweig, Argonne National Laboratory Report ANL- 
5324, 1955 (unpublished). 
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CONFIGURATIONAL ASSIGNMENTS OF GIANT PHOTONUCLEAR RESONANCES* 


D. H. WilkinsonT 
Brookhaven National Laboratory, Upton, New York 
(Received September 25, 1959) 


The electric dipole giant resonances of nuclear 
photodisintegration occur at an excitation of 15- 
20 Mev throughout the periodic table. They are 
associated, according to the independent- particle 
model (IPM) of the phenomenon,’ with the “one- 
quantum” excitations of the equivalent harmonic 
oscillator classification: 1 /~1 /+1, 2 /~2 /+1, 
etc; 1/~2/-1, etc. A difficulty always met by 
the simple IPM, which uses only the central opti- 
cal model potential, is that the theoretical energy 
of the giant resonance tends to be too low. Very 
recently experiments by Schiffer et al.? and by 
Cohen et al.* on the location of optical model 
states by the gross structure of (d,p) reactions 
have yielded apparent spacings for typical “one- 
quantum” excitations that are indeed considerably 
less (a factor of 2 or 3) than the energy of the 
giant resonance. Cohen et al.* have called the 
IPM of the photoeffect in question on the basis of 
these results. 

It is the purpose of this note to point out that 
the configurational assignments made by the IPM 
for the giant resonance rest on rather general 
grounds and that the conclusion to be drawn from 
(d,p) gross structure results is not simple. The 
essential correctness of the IPM configurational 
assignments depends only on (i) the approximate 
validity of the IPM description of the ground state, 
and (ii) the fact that the giant resonance approxi- 
mately exhausts the electric dipole sum.* These 
points demand that the giant dipole state or states 


Table I. 


expanded into IPM wave functions appropriate to 
the potential within which those making up the 
ground state are defined should be linked to the 
ground state by single-particle transitions having 
large E1 matrix elements. It is at once clear 
that if the ground-state IPM wave functions were 
harmonic oscillator wave functions the IPM con- 
figurational assignments based on “one-quantum” 
excitations must be correct. Even for ground- 
state IPM wave functions as different from oscil- 
lator wave functions as is reasonably possible, 
viz., those of an infinite square well, the har- 
monic oscillator E1 selection rules persist toa 
very high degree and only the “one-quantum” 
transitions can be appreciably excited. This is 
illustrated in Table I where the “three- quantum” 
excitations 1/~2 /+1 are seen to be very small. 
In fact ground-state IPM wave functions evaluated 
for a “realistic” potential are remarkably close 
to oscillator wave functions even for quite heavy 
elements and so we can be sure that the contribu- 
tions to the giant resonance from transitions 
other than those of the “one-quantum” type will 
be even smaller than suggested by the square- 
well results of Table I. This is illustrated in 
Fig. 1 which compares oscillator and “realistic” 
wave functions for 1h and 3s states in Ce™°. The 
“realistic” wave functions are appropriate toa 
velocity-dependent Saxon-Woods potential as 
specified by Ross, Lawson, and Mark.® The only 
adjustment made is between the (v”) values of the 


Squares of the radial overlap integrals compared for harmonic oscillator and infinite square well wave 


functions. Within each oscillator level the strengths of the 1/1 /+1 transitions have been set equal to unity and 
the others normalized to them. The values for the square well are in parenthesis. 








Oscillator 

level I Il Ill IV Vv VI 
1 11+1 1 1 1 1 1 1 
2 2 I+1 0. 71(0. 52) 0. 78(0.57) 0. 82(0. 62) 0. 85(0. 66) 
33 1+1 0. 64(0. 42) 0.69(0.45) 
121-1 0.40(0. 24) 0. 29(0. 15) 0. 22(0. 10) 0. 18(0. 07) 0. 15(0. 06) 
1 F2 I+1 0(0. 004) 0(0. 005) 0(0. 005) 0(0. 006) 
231-1 0.44(0. 25) 0. 36(0. 17) 
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FIG. 1. Comparison between harmonic oscillator 
and “realistic” wave functions (velocity-dependent 
Saxon-Woods) for Ce'*, The ordinate is the radial 
wave function (multiplied by the radius). The only ad- 
justment made is of the (vr?) values for the two 1h wave 
functions. 


two 1h wave functions—the 3s oscillator wave 
function uses the same spring constant as the 1h. 
We have not, in making this argument, com- 
mitted ourselves to a detailed model for the giant 
resonance nor are these remarks intended in any 
way to bear on that issue. We merely make the 
point that the configurational assignments that 
the simple IPM proposes as responsible for the 
absorption process must in fact make up the di- 
pole resonance whether by incoherent or by co- 






herent superposition. The possibility is left open 
that the interaction between the simple IPM ex- 
citations plays an essential role in building up 
the dipole state’ and in this connection we may 
recall the observation of Brink® of the identity 
between the IPM account of the giant resonance 
for an oscillator potential and one of the forms 
of the collective model for that phenomenon.’ 
Such interaction might result in a considerable 
displacement of the state so formed from the 
primitive positions of the simple IPM states that 
are mixed together to form it.* The apparent 
discrepancy between the evidence of the (d, p) 
gross structure states and the giant resonance 
may be resolved in this way. Alternatively the 
simple final-state IPM configurations (1j)~*(1’j’) 
may each be split by parent-state excitations 
associated with the creation of a hole, and by the 
range of symmetries offered by alternative par- 
ticle-hole couplings. In this case it is likely that 
the (d,p) mechanism and photon absorption would 
preferentially select different regions of the re- 
sulting split configuration. (Note that, ceteris 
paribus, the contribution of a transition to the 
dipole sum is proportional to its energy.) 





a 

Work performed under the auspices of the U. S. 
Atonfic Energy Commission. 

t Permanent address: Clarendon Laboratory, Oxford, 
England. 

‘1D, H. Wilkinson, Physica 23, 1039 (1956); Annual 
Review of Nuclear Science (Annual Reviews, Inc., Palo 
Alto, to be published). 

*Schiffer, Lee, and Zeidman, Phys. Rev. 115, 427 
(1959). 

3Cohen, Mead, Price, Quisenberry, and Martz, Phys. 
Rev. (to be published). 

‘J, S. Levinger and H. A. Bethe, Phys. Rev. 78, 115 
(1950). 

*Ross, Lawson, and Mark, Phys. Rev. 104, 401 
(1956). 

*D, M. Brink, Nuclear Phys. 4, 215 (1957). 

"A, Migdal, J. Exptl. Theoret. Phys. U.S.S.R. 15, 
81 (1945); M. Goldhaber and E. Teller, Phys. Rev. 74, 
1046 (1948); M. Danos, Nuclear Phys. 5, 23 (1958). 
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Ferrell and W. M. Visscher, Phys. Rev. 102, 450 
(1956), for a study of the effects of such interactions in 
another context. 
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OBSERVATIONS OF SOLAR FLARE RADIATION AT HIGH LATITUDE DURING 
THE PERIOD JULY 10-17, 1959* 


R. R. Brown and R. G. D’Arcy 
Department of Physics, University of California, Berkeley, California 
(Received August 31, 1959) 


Three cosmic-ray intensity increases were ob- 
served at balloon altitudes over College, Alaska, 
in association with solar flares of importance 3+ 
which occurred on July 10, 14, and 16, 1959. 
The flares' were located in High Altitude Obser- 
vatory Region Q-65 and occurred at 0210 UT July 
10, 0342 UT July 14, and 2115 UT July 16. In 
addition to the cosmic-ray intensity increases 
briefly reported here, the flares produced type 
III cosmic radio noise absorption events? at Col- 
lege on 27.6 and 50 Mc/sec as well as sudden 
commencement magnetic storms? at 1623 UT 
July 11, 0802 UT July 15, and 1638 UT July 17, 
respectively. 

The cosmic-ray detectors used in these experi- 
ments were borne aloft by clusters of sounding 
balloons and consisted of photon counters similar 
to the type used previously by Winckler et al.* in 
connection with studies of auroral x-rays. The 
circuitry of the instruments was arranged such 
that not only the photon intensity was telemetered 
but also the counting rate of the anticoincidence 
ring of counters surrounding the central counter 
and a wide-angle triple-coincidence telescope 
employing five of the seven counters of the photon 
detector. The results reported at this time are 
mainly those obtained from the anticoincidence 
ring of counters, essentially equivalent to a hori- 
zontal Geiger counter with effective diameter and 
length of approximately 7.5 cm and 30 cm, re- 
spectively. 

The intensity vs atmospheric depth curve ob- 
tained with the ring of counters under quiet solar 
conditions is indicated in Fig. 1, while Fig. 2 
illustrates the observations obtained during one 
of the flare increases encountered during the 
series of flights at College (Flight 13, 2300 UT 
July 14 to 0830 UT July 15). In addition, Fig. 3 
indicates the counting rate of the ring of counters 
due to solar flare radiation at various atmospher- 
ic depths during the first flare outburst observed 
at College. 

It is of interest to note that Flight 6 was aloft 
between 37 g/cm? and 10 g/cm? atmospheric 
depth from 0210 UT to 0240 UT July 10, the time 
interval during which the first flare began and 
developed to its maximum phase. An examination 
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FIG. 1. Counting rate vs atmospheric depth under 
quiet conditions (Flight 5, 1200 UT to 1530 UT, July 9, 
1959). 


of the counting rate of the ring of counters from 
0210 UT to 0330 UT indicates that there were no 
intensity variations during this interval which 
could be attributed to the prompt arrival of ap- 
preciable numbers of relativistic particles from 
the flare. In addition, no photon bursts were 
evident from the telemetering records of the 
flight. 

Flight 7 was the first flight to show the pre- 
sence of solar flare radiation. At 1240 UT July 
10, the total intensity at 17 g/cm? atmospheric 
depth was 65% above the intensity at that depth 
obtained earlier during Flight 6. The presence 
of solar flare radiation over College at this time 
agrees closely with the first arrival of low-energy 
charged particles which produced the type I 
cosmic radio noise absorption event.’ Simulta- 
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FIG. 3. Counting rate of the ring of counters due to 
solar radiation as a function of time, for various at- 
mospheric depths. 


neous observations* of cosmic-ray intensity over 
Minneapolis indicate that the total ionization at 
10 g/cm? during this period was normal. 

in contrast to the first flare event, in which 
solar radiation coming from a flare site about 
10°E of central meridian was first observed about 
Whours after the flare, the flare at 2115 UT 






July 16, when HAO Region Q-65 was located 26°W 
of central meridian, produced an intensity in- 
crease at high altitudes more promptly. This re- 
sult was obtained from Flight 16, launched 30 
minutes after the flare began. Solar flare radia- 
tion was first distinguished from the cosmic-ray - 
background of galactic origin at about 2305 UT 

at an atmospheric depth of 30 g/cm’. The inten- 
sity of flare radiation increased with time follow- 
ing this observation and by the time the instru- 
ment reached 10 g/cm? atmospheric depth, 
slightly less than an hour later, the flare radia- 
tion had risen to about 3.5 times the background 
level. 

Under the most disturbed conditions encountered 
during these flights (late in Flight 13), solar flare 
radiation was observed as deep as 200 g/cm’ be- 
low the top of the atmosphere. Assuming the ra- 
diation to be made up of protons, this corre- 
sponds to kinetic energies ranging up to about 
500 Mev. 

An analysis of the variation of intensity of solar 
radiation with atmospheric depth observed during 
a number of these flights, based on the assump- 
tion that the flare radiation is predominantly hy- 
drogen,® indicates that the differential kinetic en- 
ergy spectrum follows a power law with expo- 
nent y~-4.5. For example, the radiation ob- 
served during the ascent portion of Flight 13 can 
be represented by a spectrum of the form 


N(E)dE = 6x10" E-*°dE 


protons /m?-sterad-sec-Mev, 


for the energy interval 100 <E <400 Mev. 

A preliminary analysis of the photon detector 
rates during the flare increases indicates the 
presence of gamma radiation, penetrating as 
deep as 200 g/cm? in the atmosphere. The ab- 
sorption coefficient of this radiation is ~ 0.03 
cm*/g, indicating that the photon energies lie in 
the range 3-5 Mev. Since these photon energies 
exceed those associated with auroral x-rays, the 
radiation probably originates from the intense 
proton bombardment of the upper atmosphere or 
possibly from the bremsstrahlung of solar elec- 
trons hitting the atmosphere. Correcting the 
counting rate of the anticoincidence ring of coun- 
ters for the contributions due to these energetic 
photons does not alter appreciably the slope of 
the spectrum of flare radiation. 

A more detailed report of these observations 
will be submitted for publication at a later date. 
We are indebted to Dr. C. T. Elvey and col- 
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leagues at the Geophysical Institute, University 
of Alaska for their kind hospitality and assistance. 
Dr. V. P. Hessler generously provided an earth- 
current detector to assist us in following mag- 
netic activity during the disturbed period. We 

are also indebted to Mr. Harold Leinbach for the 
invaluable information that solar storms were in 
progress and to Mr. Wayne Hughes for his able 
assistance in preparing and launching the balloon 
flights. In addition, we wish to express our ap- 
preciation for the splendid cooperation and assist- 
ance of Mr. Richard Inman and associates of the 
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UNUSUAL COSMIC -RAY FLUCTUATIONS ON JULY 17 AND 18, 1959 


H. Carmichael and J. F. Steljes 
Physics Division, Atomic Energy of Canada Limited, Chalk River, Canada 
(Received September 14, 1959) 


Between July 11 and July 18, 1959, a remark- 
able succession of three large Forbush decreases 
of cosmic-ray intensity occurred. The third of 
these decreases, which coincided with a magnetic 
storm beginning at 1638, Universal Time, on 
July 17,’ about 19 hours after a ciass 3+ solar 
flare observed from 2115 to 2230 on July 16, ex- 
hibited unusual features which should be pointed 
out. 

The intensity as given by the hourly totals of 
the standard neutron monitor at Deep River, On- 
tario, Canada (IGY station B211, lat. 46° 06’ N; 
long. 77° 30’ W; altitude 475 feet), from July 9 
to July 24, is shown in Fig. 1(a). The 100% level 
is arbitrarily chosen. The decrease between 
July 11 and July 18 amounts to some 26%, and 
the intensity on July 18 is the lowest that has 
ever been observed. The times’ of sudden com- 
mencement of magnetic storms and the times of 
occurrence of class 3+ flares are marked on 
Fig. 1(a). The decreases on July 11 and July 15 
have a normal appearance; the one on July 17-18 
has abnormal features. 

One unusual feature is the occurrence of three 
very rapid’ changes in intensity, to be seen in 
Fig. 2 which displays 10-minute totals for July 
17, 18, and 19. Beginning at about 2340 on July 
17, the intensity decreased some 7% in about 20 
minutes. It remained low for some 30 minutes 
and then at 0030 it recovered in only 10 minutes. 
About 40 minutes later, beginning at 0110, a 
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FIG. 1. The upper graph (a) shows the hourly totals 
of the Deep River standard neutron monitor from July 
9 to July 24, 1959. The times of flares of importance 
3+ and of the commencement of s.c. magnetic storms 
are shown. The lower graph (b) shows the hourly 
totals of an ion-chamber detecting pulses arising from 
photons and electrons of the soft component of energies 
greater than 400 Mev. Times and dates are in U.T. 
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FIG. 2. Ten-minute totals of the neutron intensity, 
obtained by adding the results of the standard neutron 
monitor and the boron trifluoride ion-chamber, show- 
ing very rapid rates of change in the neutron intensity 
near midnight on July 17-18. 


second sharp decrease of 7% in about 25 minutes 
occurred. No comparable sea level neutron mon- 
itor increases or decreases approaching 7% in 
less than 20 minutes have been noted in our ob- 
servations during the past two years. The most 
rapid previous decrease was that on February 11, 
1958,° in which the rate was 4% in 40 minutes. 
Figure 2 is plotted from the sum of the 10-minute 
totals of the two independent sides of the standard 
neutron monitor and the 10-minute totals of 
another neutron monitor in the same laboratory. 
This other monitor is a 30-inch diameter pulse- 
counting ion-chamber filled with enriched boron 
trifluoride and enclosed in an 8-foot cube of 
graphite. The counting rate from the ion-chamber 
is about equal to that of the standard neutron mon- 
itor; the combined counting rate is about 15000 in 
10 minutes. Five-minute totals from the neutron 
monitor and from the completely independent ion- 
chamber apparatus are plotted separately in 
Fig. 3. The rapid rates of change of intensity 
near midnight on July 17-18 are similar in each 
plot within the statistical uncertainty of the num- 
bers of neutrons counted. 

This event is undoubtedly one of exceptional 
importance. It is difficult to account for such 
rapid changes of neutron intensity on the basis of 
existing theories of the modulation of cosmic ra- 
diation. 

Another unusual effect is the marked increase 
of intensity which began early on July 17 and 
continued all day until the time of the Forbush 
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FIG. 3. Five-minute totals of the standard neutron 
monitor (channel A) and of the independent boron tri- 
fluoride ion-chamber (channel B) showing satisfactory 
correlation of the very rapid rates of change in neutron 
intensity near midnight on July 17-18. Channel A is 
scaled by a factor of 30 and channel B by 40, and the 
results are plotted in the form of a histogram. Frac- 
tional parts of a scaling factor are not printed out by 
the apparatus but are carried into the succeeding 5- 
minute totals. This gives the graphs a quantized ap- 
pearance. 


decrease which must be presumed to have begun 
two to three hours after the sudden commence- 
ment of the magnetic storm. This increase may 
be seen above the dashed line on Fig. 1(a), which 
is an extrapolation of the recovery from the pre- 
vious Forbush decrease. It is known from the 
balloon observations of Winckler and his group* 
at Minnesota, and from the riometer observations 
of Leinbach and Reid,* University of Alaska, that 
copious numbers of protons of solar origin were 
present at high altitudes on July 17 and also early 
on July 18. The possibility therefore exists that 
this increase is a sea level effect of cosmic rays 
from the sun. On the other hand, it appears to be 
more probable that the effect is merely an unusual 
modulation of galactic cosmic radiation, because 
the five previous known occurrences of cosmic 
radiation from the sun at sea level® had a charac- 
teristic shape, with a sharp maximum reached 
within a small fraction of an hour of the onset, 
quite different from the shape of this increase. 

It is of interest to examine the behavior of a 
detector in the same laboratory sensitive to pri- 
mary cosmic radiation of much higher energy. 
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The hourly readings of a 30-inch diameter pulse- cate that primary cosmic radiation of rather high 
counting ion-chamber filled with 12 atmos of energy was affected at this time when the neutro, 
argon and surrounded by 1.5 cm of lead are shown intensity was pushed down to such a low value. 
in Fig. 1(b). This ion-chamber records pulses of 
at least 4 electrons produced in the lead shield 
by photons and electrons of the soft component. 
These photons and electrons originate from pri- 













































‘Preliminary Report of Solar Activity, TR411 and 
Supplemental Report, High Altitude Observatory, 


mary cosmic rays of very much higher energies Boulder, Colorado, 1959 (unpublished). 
than those from which the sea level neutrons ?These features do not show in the plot of hourly totals 
mainly arise. The rate unfortunately is compara- jn Fig. 1(a) and they will not be seen in the standard bi- 
tively low—only 10000 per hour—and so 12- hourly listings of the International Geophysical Coopera- 
hourly as well as hourly totals have been plotted tion. 

in Fig. 1(b). 3J. F. Steljes and H. Carmichael, Nuovo cimento 10, 


393 (1958). 
‘Preliminary Report, University of Minnesota Cos- 
mic-Ray Group, July 23, 1959 (unpublished). 


The three Forbush decreases are seen clearly; 
they are about one-sixth of the size of the neu- 





tron decreases; the increase on July 17 may be 53. Atmospheric Terrest. Phys. 8, 274 (1956); Pro- 

absent; there is a decrease seen as a downward gress in Cosmic-Ray Physics, edited by J. G. Wilson 

spike between 0100 and 0400 on July 18, which is (North Holland Publishing Company, Amsterdam, 1952), 
probably significant statistically and may indi- Vol. 1, Chap. 8. 





CHARGE INDEPENDENCE IN HYPERON PRODUCTION* 


Frank S. Crawford, Jr., Roger L. Douglass, Myron L. Good, George R. Kalbfleisch, 
M. Lynn Stevenson, and Harold K. TichoT 
University of California, Lawrence Radiation Laboratory, Berkeley, California 
(Received September 28, 1959) 


If the reactions and therefore the “triangle inequality™ 
n*+p~+2*+K* (amplitude f*), (1) [20(2°) P* <[o(E*) f? +[o(Z~) ” (8) 
1 +p- 2° +K° (amplitude f°), (2) must hold for the differential cross sections o(2) 


at each production angle and for the integrated 




















and 
- oe - cross sections. [The two additional inequalities 
90-3 +k" Gages) (3) obtained by permutation of Eq. (8) must also hold, 
satisfy charge independence, then the three am- but do not concern us. They are not contradicted 
plitudes involved are not independent. If one by any experiments. ] 
makes the usual isotopic spin assignments of a Previous experimental results of Brown et al.’ 
(=*, 2°, £~) triplet and a (K* K°) doublet, then for 1.1-Bev pions incident on a 12-in. propane 
the complex amplitudes f* , f°, and f~ are re- bubble chamber without magnetic field have indi- 
lated to the two independent amplitudes f,,. and cated a sharp contradiction with Eq. (8) for back- 
f ye that correspond to total isotopic spin 3/2 and wards-produced £’s. If substantiated, this obser 
1/2. The relations are vation would imply either that charge independent? 
ft af (4) does not hold for Reactions (1), (2), and (3), or, 
- alternatively, that the usual isotopic spin assign 
f° =(V2/3)f yo - (V2/3)F yas (5) ments are wrong.° | 
os We have measured absolute differential cross 
f° = (1/3 x2 + (2/3) va- (6) sections for Reactions (2) and (3), using 1.09 
The linear dependence which then follows, +0.01 Bev (i.e., 1.22-Bev/c) 1” incident on the 
Jaf ast -f- (7) Alvarez 10-in. liquid hydrogen bubble chamber, 
' with an 11-kilogauss magnetic field. Our results 
corresponds to a triangle in the complex plane, differ substantially from those of Brown et al., 
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poth as to magnitudes and as to angular depend- 
ences. In view of the disagreement it is perhaps 
unwise to compare our results for Reactions (2) 
and (3) with those of Brown et al. for Reaction (1) 
in order to check the triangle inequality Eq. (8). 
We nevertheless make this comparison, and find 
that, within the statistics, there is no contradic- 
tion with charge independence. 

Figure 1 shows our results, and those of Brown 
et al.,* for Reactions (2) and (3). Our results do 
not substantiate the strong suppression of for - 
ward 5°’s and of backward £~’s observed by 
Brown et al. 

Figure 2 shows the experimental results of 
Brown et al. for o(=*), together with the lower 
limit o(2*) Ly Which we predict from our results 
for o(=°) and o(Z°), and the inequality (8). Our 
predicted lower limit is thus given by 


o(Z*)_ _ ={[20(E°) }? - [o(=~) P}?. (9) 
LL 


From Fig. 2 we see that in the backward quarter 
of the hyperon solid angle our predicted lower 
limit exceeds the measured value of o(*) of 
Brown et al. by 1.6 standard deviations. This is 
to be compared to the 4.2-standard deviation 
violation of charge independence first reported 
by Brown et al.* Within the statistics we find 
that there is no longer any contradiction with 
charge independence. 

It is perhaps worth noting that if the suppres- 
sion of backward © (relative to our result) 
observed by Brown et al. is due to the carbon 
content of propane, then by charge symmetry a 
similar suppression could perhaps be expected 
for backward =*. In that case even the smalll 
remaining discrepancy with Eq. (9) would dis- 
appear. 
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FIG. 1. (Left) Absolute differential cross sections 
for 1-+p—=°+K®. (Right) »-+p—-=-+K*. See text. 
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FIG. 2. Absolute differential cross section for 
n+ +p-~xZ*+K*. The open circles represent meas- 
ured values by the Michigan propane-chamber group. 
The solid circles represent the lower limit allowed 
by combining the (2°,K°) and (=~ ,K*) production 
results of the present experiment with the triangle 
inequality (8) implied by charge independence. 


From Fig. 2 it is apparent that within the 
statistics our predicted values for o(=*) LL 2Fe, 
at all production angles, consistent with o(2*) as 
measured by Brown et al. It is thus reasonable 
to assume that the inequality (8) degenerates into 
an equality, at all production angles. Under that 
hypothesis the triangle of Eq. (7) collapses into 
three parallel segments, or a triangle with zero 
area. Aside from a common phase factor, f*, 
f°, and f~ may be then taken as real. Our results 
for o(Z°) and o(Z~) then suffice to determine f,. 
and fy. by means of Eqs. (4) and (5) and (6). 

For the total cross sections in Reactions (2) 
and (3), we find 


o(°) =0.39 + 0.037 mb, (10) 
o(2~) =0.27 40.028 mb. (11) 


Correspondingly we find, subject to the assump- 
tion of a triangle of zero area, and using only 
our own data, the amplitudes 


f ya = +(3.05 + 0.11) x10™* cm, (12) 
f sq =-(1.14 + 0.16) x10" cm, (13) 


up to an undetermined common phase factor. In 
terms of intensities, the results (12) and (13) 
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correspond to (2°, K°) production that is 88 % in 
the /=1/2 state, and (=~, K*) production that is 
96% in the /=1/2 state. 

The remainder of this Letter is concerned with 
experimental details. The (=~, K*) events were 
distinguished by the scanner from other “two- 
prong” events through the characteristic decay 
of the =. For both total-cross-section and 
angular -distribution determinations the following 
“cutoff” criteria are employed. The production 
event is required to take place inside a restricted 
fiducial volume in the chamber. The = decay 
must occur inside a slightly larger fiducial vol- 
ume. The = must travel at least 0.6 cm before 
it decays. The decay 7 must make a projected 
angle of at least 8.0° with the direction of the D~. 
The calculated geometrical detection probability 
under these criteria remains within the limits 
0.50 and 0.56 over the entire angular range. In 
making the calculation we use our own value for 
the =~ mean life, 1.45x107'° sec. By a second 
scanning we find that noncutoff (2~, K*) events 
are found by the scanner with an efficiency of 
97.2+1.3%. The angular distribution and total 
cross section for (=~, K*) are based on 96 non- 
cutoff events. 

In the (=°, K°) determination, the same fiducial 
volumes for production and decay are used as for 
(=",K*). To be accepted as “detectable” a A or 
K° must travel at least 0.3 cm from the production 
point and undergo charged decay inside the fidu- 
cial volume. In calculating the detection probabil- 
ities we use our values for the decay branching 
ratios,°® 


(K° ~1* +27) all K°) =0.339, 
(A~p+m~)/(all A) =0.627, 


and our mean lifetime values 7,° =0.94x107*° sec, 
and 7 , =2.72x10""° sec. Scanning efficiencies 
are 97.74 0.7% for single V’s (noncutoff), and 
99.4+0.6% for double V’s. The total number of 
noncutoff (=°, K°) events is 134, consisting of 30 
single K° decays (in which the A decay is either 
not observed or is cut off), 75 single A decays 
(K° decay not observed or cut off), and 29 doubles 


(neither decay cut off). In determining the shape 
of the angular distribution the 75 single A decays 
were not used, since (a) the angular distribution 
of the A’s is somewhat washed out relative to the 
D° angular distribution because of the recoil from 
the 75-Mev » ray in the decay £°— A+y, and (b) 
there is a possibility of contamination from the 
reaction 7~>+p-~A+K°. That is, because of the 
recoil from the y ray, a complete separation of 
(=°, K°) events from (A, K°) events is not possible 
for single A decays. By examining the double V’s, 
where a complete separation is obtained, we esti- 
mate that 5+ 3% of the 75 single A decays attrib- 
uted to (=°, K°) production are in fact (A, K°) 
events, and that an equal number of single A de- 
cays from (2°, K°) have been called (A, K°) events, 
Thus no systematic error is introduced into the 
total cross section by including the single A 
events. [In the single K° decays there is negligi- 
ble contamination from (A, K°) production. ] In the 
(=°, K°) total cross section all 134 events are used, 
In the angular distribution (Fig. 1) the shape is 
determined by the 59 events involving K® decays, 
and the normalization by all 134 events. The 
errors are calculated taking into account the 
correlation involved in the fact that the 59 counts 
are included in the total of 134. 





‘Work done under the auspices of the U. S. Atomic 
Energy Commission. 

tNow at University of California at Los Angeles, 
Los Angeles, California. 

13, J. Sakurai, Phys. Rev 107, 908 (1957). 

*Brown, Glaser, Meyer, Perl, Vander Velde, and 
Cronin, Phys. Rev. 107, 906 (1957). 

*For instance, A. Pais, Phys. Rev. 112, 624 (1958), 
suggests that present experimental evidence does not 
overwhelmingly require that (K®,K*) form a doublet 
in charge space. 

‘The results of Brown et al., shown in Figs. (1) and 
(2), differ slightly from and supersede those given in 
reference 2, and were obtained by private communi- 
cation from John Vander Velde (University of Mich- 
igan) to Frank Crawford. 

‘crawford, Cresti, Douglass, Good, Kalbfleisch, 
Stevenson, and Ticho, Phys. Rev. Letters 2, 266 
(1959). 
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DOUBLE-HYPERFRAGMENT EVENT 


D. H. Wilkinson, S. J. St. Lorant, D. K. Robinson, and S. Lokanathan 
Clarendon Laboratory, Oxford, England 
(Received September 25, 1959) 


Figure 1 shows a star found in Ilford G5 nu- 
clear emulsion irradiated by 4.5-Bev/c 1 me- 
sons from the Berkeley Bevatron. The primary 
particle which is seen but which does not show 
inthe plate is presumably a 7” meson; the very 
small chance that it is aK meson does not af- 
fect the discussion. 

The two particles which go due north and south 
inthe figure have respective ranges 13.7 and 
9.7 microns; the angle between them is 8.7+1.0°; 
their point of origin is the main star to within 0.4 
micron; their tracks are saturated and they pre- 
sumably come to rest. Each particle gives a 
star of which one prong is a 1” meson, identified 
inthe plate by its own terminal star. The N- 
bound particle is a uniquely identified ,H* with 
By =2.29+0.61 Mev. The S-bound particle can 
be satisfactorily analyzed as , H* or qLi®®, with 
other possibilities remote.' 

It seems unlikely that these two mesonically 
decaying hypernuclei are generated by the normal 
mechanism: the chance per star that a single 
mesonically decaying hypernucleus is found is 
about 1.5x10°* (our present study comprises 
260322 stars; similar information comes from 
Slater”); the chance that any mesonically decaying 
hyperfragment from such a star has a range of 
less than 20 microns is about 4x107?. 

We suggest that a natural explanation is to be 





FIG. 1. Double-hyperfragment event. 


found in the formation of a short-lived = hyper- _ 
nucleus. The conversion reaction =+N-—2A° 
within the = hypernucleus results in the forma- 
tion of the two ordinary A° hypernuclei.* Although 
this reaction is technically fast it is quite likely 
that the lifetime of a = hypernucleus is long 
enough to enable the hypernuclear state to be 

well defined. This is because: 

(I) the reaction goes as &*, and K vertices are 
presumed relatively weak‘; 

(Il) the scale of the nucleus is i/m,c but the 
conversion range is h/mxc; 

(II) selection rules are unusually restrictive. °® 

Perturbation theory, an empirical nucleon 
momentum distribution, pseudoscalar K-meson, 
and g,*=1 give a lifetime of several times 10-*° 
sec not sensitively dependent on the =-N relative 
parity. °® 

The immediate consequence of this speculative 
interpretation of our double event is that the 
=-N interaction is attractive.’ 

Thanks are due to Dr. E. Lofgren and the staff 
of the Berkeley Bevatron for providing the 2- 
irradiation and to the William Waldorf Astor 
Foundation for a grant that enabled it to be car- 
ried out. 





‘He’ might be admitted but is very improbable. The 
possibility that this particle is a K meson is rejected 
because: (I) the chance that aK meson of only 0.6 Mev 
emerges from a4.5-Bev/c star is less than 10~® as is 
known from this and related investigations; (II) the 
chance that aK meson gives on absorption a 1 meson 
of range as short as 4.6 mm is 0.01 or less; (III) the 
other prongs of the K star would have to conspire with 
the 7s meson to make the event acceptably analyzable 
as a hypernucleus decay. The possibility of a = hy- 
peron is rejected with similar firmness. So is a large 
number of possibilities based on chance coincidences. 

*W. E. Slater, Suppl. Nuovo cimento 10, 1 (1958). 

34 possible double-hyperfragment event for which 
this explanation is proposed has been reported by 
Barkas, Biswas, DeLise, Dyer, Heckman, and Smith, 
Phys. Rev. Letters 2, 466 (1959). 

*R. H. Dalitz, Reports on Progress in Physics (The 
Physical Society, London,1957), Vol. 20, p. 163; 1958 
Annual International Conference on High-Energy Physics 








at CERN, edited by B. Ferretti (CERN Scientific Infor- 


mation Service, Geneva, 1958), p. 187. 
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SE. g., for even relative =-N parity, of the S-state 
=-N encounters, only the ''S is effective for conversion: 
1/32 of the total number. 

‘We are indebted to Dr. J. Hamilton for a detailed 
discussion of this point. 

"The intepretation of the event may be extended if, as 
seems most natural, the near-collinearity of the N- 
bound and S-bound hyperfragments is accepted as a 
reflection of the dynamical correlation between them 
resulting from the conversion process. Such a correla- 
tion then requires a momentum balance of the same 
order as the collinearity. If the S-bound hyperfragment 
is ,H* its momentum balances against that of the N- - 
bound ,H* to within 15% which matches well the angle 
of 8.7° between the two. If the S-bound hyperfragment 
is ,Li®* the momentum unbalance is by a factor of 3. 
This preference for aH as the S-bound hypernucleus 
is strengthened by its mesonic decay which is consid- 
erably more likely for ,H than for ,Li. This use of 
the collinearity also implies that the = hypernucleus 
decays effectively free of strong interaction with other 
residue of the large star. This in turn implies a time 
scale of order 10-*° sec or more which is consistent 
with the possible lifetime as estimated using pertur- 
bation theory. 

If both A° hypernuclei are ,H‘ their measured ener- 
gies reveal the binding energy of the = hyperon into 
the various possible = hypernuclei (we use the mass 
value mz~-= 1319.1 40.5 Mev quoted by L. W. Alvarez 
at the 1959 Annual High-Energy Physics Conference in 





Kiev from Berkeley work of W. M. Powell and his 
octloageea) We find, for =He’, Bz=5.9+1.2 Mev and, 
for zHe’ ; Bz =3.6+1.2 Mev. All other possibilities 
up to o xB, beyond which we need not go, yield negative 
values of Bz and so can be rejected. Of =He and =He’ 
there is a strong preference for =He® because: (I) the 
decay of =He’ involves a neutron “in an unlikely manner 
—of very Tow energy if the =He® decays when moving 
slowly. or accurately balancing the momentum of the 
sHe’ if the decay is at high speed; (II) the “core” —Li'- 
of sHe® is on the stability line for er nuclei, viz. 

is of |Tz|=0 or } while that of sHe® , Li®, is off the rw 
stability line (|7z|=1). The expected preference for 
cores of the highest symmetry properties is well seen 
in the systematics of ordinary A° hypernuclei. 

The expected lifetime for a = hypernucleus is much 
longer than the presumed value of the imaginary part 
of the =-nucleus optical model potential, due to the 
ordinary strong interactions, and so the = hyperon will 
convert from anS state in the = hypernucleus. It is 
most likely that the Li’ core will be in a state of odd 
parity since all low-lying states of Li’ are p* (no even- 
parity state of Li’ is well established; the first possi- 
bility is unstable by about 4 Mev against break-up into 
He' +H). So the parity of sHe® is most probably minus 
the =-N relative parity. If now we made the usual 
assumption‘ J=0 for aut [see also the report of R. H. 
Dalitz to the 1959 Annual High-Energy Physics Confer- 
ence in Kiev (unpublished)] , we see that the =-N relative 
parity must be odd. 





THEORY OF THE HIGH-ENERGY PEAKS IN PION-NUCLEON CROSS SECTIONS* 


Wen-Nong Wong? and Marc Ross 
Indiana University, Bloomington, Indiana 
(Received July 6, 1959; revised manuscript received August 14, 1959) 


We wish to report an investigation of whether 
the spectrum of high-energy peaks’ observed at 
650 Mev, 950 Mev, and 1.3 Bev in 7-p scattering 
(and photoproduction) can be explained in terms 
of the conventional low-energy pseudoscalar 7-N 
interaction. Previous investigation of this prob- 
lem? has yielded negative results, stimulating 
speculation on the role of 1-7 interactions.* We 
suggest that the previous investigations of the 
a-N interaction have been inadequate. A Chew- 
Low* formalism is outlined below which predicts 
two isobars, or metastable states, of the nucleon 
that may be associated with the 950- Mev and 1.3- 
Bev peaks. 

We consider the two-p-wave pion, one static 


nucleon system, and explicitly examine the effects 


of the low-energy py, T =3/2 pion-nucleon scat- 
tering resonance on this system. Loosely speak- 
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ing, we consider one meson and then the next 


meson, etc., scattering in the 3/2, 3/2 state, with | 


respect to the nucleon, as represented in Fig. 1. 
The propagation of the 27-N system is being 
examined just as a mechanism for the existence 

of isobars. If a certain T matrix element 
(2n-N|T|22-N) is sharply peaked, the various 
observable cross sections, which we do not at- 
tempt to calculate here, will also be peaked.° 
Calculation of (21-N|T\|22-N) offers possible ad- 
vantage over calculation of the one- meson pro- 
duction amplitude (7-N|7|272-N) which has been 
considered by others. In the latter an extremely 
energetic incident pion is involved and the dy- 
namics are unfamiliar to us. Furthermore, it 
seems relatively difficult to consider the physical 
mechanism discussed above in case of the latter 
amplitude. 
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FIG. 1. Typical pion production process in the 
model considered in this Letter. The square box is a 
contribution to the production process (of unknown 
dynamical structure). All we consider in this Letter 
is the process to the right of the square box. The 
circular boxes are Chew-Low 3, 3 one-meson scatter- 
ing “corners.” In the diagram, ” such corners are 


shown. The totaling of all m>1 processes to the right 
of the square box constitute the possibly resonant am- 


| plitude (27-N| 7|22-N) . For pion production, the 


latter constitutes the final-states interaction. 


Let p and qg denote the two outgoing pions and k 
and / the ingoing pions. Application of Eqs. (1), 
(2), and (3) of Rodberg,” for example, yields (by 
definition) 


(oq|TIk7) ={pq-|V, |2+) - 54° |V, 10) 


and also 
(pq- IV, \n+){n+ | V 10) 


E77 in 





(pq |T|RD =- y 


(pq “Wi n+) { n+| V, 10) 
n Oto -w 5 +in 
where the summation over n refers to a complete 
sum over eigenstates of the total Hamiltonian. 

The T matrix, (1), and Eq. (2) are symmetric in 
k and / only on the energy shell. Let us examine 
(2) with only the one-meson state term in this 
sum. This term contains as a factor a one-pion 
scattering matrix element, say® 


v(k) v(m) 
imal |= An a ye (wy Ge 


» (2) 





+ 


x(w,,2-1)!* XP lmk)h“(w,, +80), (8) 


in Chew- Low notation‘ [only the a =j,t= 3/2, 3/2 
term of (3) will be considered]. Upon iteration 


of (2), using (1), we obtain one-pion scattering 
of, say, k, and then of 7, and so on, as illus- 
trated in Fig. 1. Grouping together all terms of 
(2) except for the one-meson term, we can bring 
(1) and (2) into the form: 


(pq|T|lm){m +1V, 10) 


E-(w +o, )+in 





(ogi Tlkl) =1+ 2 


(bq |T \km{m +1V 10) 
se y? (4) 


Wn 7M 





where we have set Wp tw, =E. We discuss the 
function J below. 

Some of the physics of (4) is revealed in the 
angle-spin-isotopic spin integration. The vital 
quantity is the amplitude for finding pion No. 2, 
say, in a 3/2, 3/2 state if pion No. 1 has just 
been scattering in a 3/2, 3/2 state. Schematically, 
we deal with wave functions 


(1,2)~ (0,0, v2 1] 


oyr JT’ 


the first meson and nucleon being coupled in the 
3/2, 3/2 state. The recoupling amplitudes \ JIT 
are 


AyT= f byp'(1,2) 6 p92, 1) 


43 (-1)9*7 +1 
The numerical values of interest are given in 
Table L 

A basic approximation we shall make involves 
the term J of (4). The term in curly brackets of 
(4) is assumed responsible for any isobars. The 
term J is not examined explicitly but is assumed 
to be mainly a nonresonant term, which varies 
slowly with respect to the energy variables. With 


16W(14.J1; 3 )W(1371; 33). (5) 


Table I. The recoupling amplitudes. 








J T » 
1/2 1/2 1/9 
1/2 3/2 -2/9 
3/2 1/2 -2/9 
5/2 1/2 1/3 
3/2 3/2 4/9 
5/2 3/2 -2/3 
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this approximation the p and g dependence, ex- 
cept for E, drops out of the equation, and the k 
dependence is seen to be trivial. After angle- 
spin-isotopic spin integration, we thus arrive at 
a pair of one-variable integral equations, with 
E as a parameter. 

If, after angle-spin-isotopic spin integration 
and before removal of the k dependence, we 
force T, (1), to be symmetric in k and 1, we ob- 
tain, instead, a convenient if crude approxima- 
tion: 


rf, 1 yle-indx > 
Bw) =1,() - hh. 3) yess) 
y(-in)H .&) 


Le) 
xf - E-w-x+in 


1 


» (6) 


where 


w. 2-1 V2 yy 2-1 V2 
rin =ot(*—] v(l) C:*) H wo pk) 
l 


a 
+=), 


y(x-in) = v*(x)(x?-1)*7h* (x+in). 


This equation was solved numerically by hand, 
taking y from experiment and v as a cutoff at 
6.7. For simplicity H was assumed to be slowly 
varying with respect to w (on similar grounds to 
the Chew- Low “effective range” theory). A quad- 
ratic function of w was used for H. Ir was taken 
independent of w. Peaks in H are then independ- 
ent of Te» but turn out to be sensitive to x. 

Such a numerical approach leads to the definite 
indication of two isobars: J, T= 3/2, 3/2 (j=4/9) 
and J, T=5/2, 1/2 (a=3). These are even-parity 
isobars, coupled, respectively, to p,, and /,. 
one-pion channels. The energy is roughly 1 Bev 
and width small for both; these properties are 
not quantitatively determined, however, by the 
approximate theory. We suggest that these may 
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be the isobaric states associated with the 950- 
Mev and 1.3-Bev scattering peaks. 

Features of the angular dependences and reac- 
tion branching ratios for the 27-one-nucleon fina] 
state in 7-N and y-N reactions will be discussed 
in the future. 

With this two-p- meson propagator, no explana- 
tion can be offered for the 650-Mev peak. This, 
we believe, may be associated with a similar 
mechanism but with a one-p,,-meson-—one-s - 
meson propagator, considerably more compli- 
cated in analytical structure than the one just 
discussed. We feel that the p-p and p-s are the 
only two-meson propagators which could provide 
the mechanism of the resonances in this energy 
region. 





“This Letter is based on part of a thesis submitted 
by W.N.W. to the Graduate School of Indiana University 
in partial fulfillment of the requirements for a Ph.D. 
degree. Supported in part by the National Science 
Foundation. 

Present address: Midwestern Universities Research 
Association, Madison, Wisconsin. 

‘See for example: Piccioni, Cool, and Clark, Phys. 
Rev. 103, 1082 (1956); H. C. Burrowes et al., Phys. 
Rev. Letters 2, 119 (1959); R. R. Crittenden et al., 
Phys. Rev. Letters 2, 120 (1959); J. M. Sellen et al., 
Phys. Rev. 113, 1323 (1959); and literature cited there- 
in. 
?The work discussed in this Letter is an outgrowth 
of other attempts to generalize the Chew-Low theory 
of the nonrelativistic pseudoscalar 1-N interaction 
(reference 4) to pion production. See L. S. Rodberg, 
Phys. Rev. 106, 1090 (1957); J. Franklin, Phys. Rev. 
105, 1101 (1957); E. Kazes, Phys. Rev. 107, 1131 
(1957); S. Barshay, Phys. Rev. 103, 1102 (1956); and 
N. Fukuda and J. Kovacs, Phys. Rev. 104, 1784 (1956). 

3... S. Rodberg, Phys. Rev. Letters 3, 58 (1959). 
See also G. Takeda, Phys. Rev. 100, 440 (1955); F. J. 
Dyson, Phys. Rev. 99, 1057 (1957); and A. N. Mitra, 
Phys. Rev. 108, 1083 (1957). 

‘G. F. Chew and F. E. Low, Phys. Rev. 101, 1570 
(1956). 

5We will have “resonances” in all coupled channels 
as seen, for example, in Breit-Wigner theory. 

SWe use units h=c=m,=1. 

™W. N. Wong (to be published). 
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In this section are printed the abstracts of Articles that 
have been forwarded to The American Institute of Physics 
for publication in THE PHYSICAL REVIEW. In quoting 
information obtained from this section before the appear- 
ance of the corresponding Article, reference should be 
made to “Physical Review (to be published)” rather than 
to this Journal. 


LINKED-DIAGRAM EXPANSIONS FOR QUANTUM 
STATISTICAL MECHANICS. A. E. Glassgold and 
Warren Heckrotte, Lawrence Radiation Labora- 
tory, University of California, Berkeley, Cali- 
fornia, and Kenneth M. Watson, Physics Depart- 
ment and Lawrence Radiation Laboratory, Uni- 
versity of California, Berkeley, California (Re- 
ceived February 5, 1959). 


A general method of calculation is described 
for quantum statistical mechanics. It is based 
on a simplification of the Laplace transform of 
the density matrix which follows from a theorem 
due to Hugenholtz. The basic result is that an 
element of the density matrix can be written as 
asum over graphs, with the contribution of each 
graph factored into contributions from connected 
or linked graphs. Applied to the grand partition 
function, the exponential formula of Bloch and 
deDominicis is obtained in a simple way. A 
similar formula is then derived for the canonical 
ensemble and the case of a nondegenerate gas. 
In this way the familiar result of Uhlenbeck and 
Beth is obtained for the second virial coefficient. 
Techniques are also introduced for evaluating 
ensemble averages of operators. In this con- 
nection, some care must be exercised in the case 
of diagonal operators. Finally, these methods 
are used to calculate the pair-correlation function 
for a system of fermions interacting through short- 
range forces. 


ABSORPTION AND DISPERSION OF MICRO- 
WAVES IN FLAMES. Jurgen Schneider and F. W. 
Hofmann, Department of Physics, Duke Univer- 
sity, Durham, North Carolina (Received January 


15, 1959; revised manuscript received June 25, 
1959), 


The dependence of the high-frequency electric 
conductivity and the optical constants of a weakly 
ionized gas on the microwave frequency, the 
electron- molecule collision frequency, the elec- 
tron concentration, and an external magnetic 


field are discussed. Measurements of the elec- 
tric conductivity between 23.10 and 92.96 kMc/sec 
indicate that the effective electron-molecule col- 
lision frequency in an acetylene-air flame is in- 
dependent of the electron velocity within the 
limits of error. Cyclotron resonance of free 
electrons has been found in low-pressure flames 
at 24 kMc/sec. This effect can be used to deter- 
mine both the concentration of free electrons and 
the electron collision frequency. 


PROOF OF THE LINKED-CLUSTER EXPAN- 
SION IN QUANTUM STATISTICAL MECHANICS. 
David J. Thouless, Lawrence Radiation Labora- 
tory, University of California, Berkeley, Cali- 
fornia (Received April 6, 1959). 


In order to go over from a perturbation expan- 
sion of the grand partition function (the unlinked- 
cluster expansion) to an expansion of the thermo- 
dynamic potential (the linked-cluster expansion) 
in powers of the interaction, it is necessary to 
treat carefully those terms in which creation 
(or annihilation) operators for the same state 
occur twice or more. The unlinked- and linked- 
cluster expansions for a system of fermions are 
here shown to be equivalent by a direct compari- 
son of the terms which occur in each. The rela- 
tion between the two expansions is illustrated 
by the example of a system of fermions inter- 
acting only with a single-particle potential. 


CONDUCTIVITY OF A WARM PLASMA. Lyman 
Mower, University of New Hampshire, Durham, 
New Hampshire, and Research Laboratory of 
Electronics, Massachusetts Institute of Technolo- 
gy, Cambridge, Massachusetts (Received May 15, 
1959). 


A theory for obtaining the conductivity of a uni- 
form plasma as a function of frequency and tem- 
perature is presented and compared with a num- 
ber of recent treatments. 


OCCURRENCE OF VAVILOV-CERENKOV RADI- 
ATION IN A HIGH-TEMPERATURE PLASMA. 
Jacob Neufeld, Health Physics Division, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee 
(Received April 6, 1959; revised manuscript re- 
ceived August 12, 1959). 


Akhiezer and Sitenko investigated the energy 
loss of a charged particle moving through a 


401 








VoLUME 3, NUMBER 8 PHYSICAL REVIEW LETTERS OcToBER 15, 1959 





plasma at a velocity considerably lower then the 
mean thermal velocity of the electrons in the 
plasma and determined the component of the 
stopping power due to the transverse electric 
field produced by the plasma and acting upon the 
particle. The presence of such a component may 
in some instances be associated with the occur- 
rence of the Vavilov-Cerenkov radiation. It is 
shown, however, that in this particular case the 
field surrounding the particle decreases very 
rapidly with the distance from the particle and 
no radiation takes place. 


MANY-BODY PROBLEM IN QUANTUM STATIS- 
TICAL MECHANICS. II. VIRIAL EXPANSION 
FOR HARD-SPHERE GAS. T. D. Lee, Columbia 
University, New York, New York, and C. N. 
Yang, Institute for Advanced Study, Princeton, 
New Jersey (Received May 4, 1959). 


The method developed in a previous paper is 
used to evaluate the fugacity coefficients 5) to 
the order a*/,? for a hard-sphere gas with spin 
J satisfying Bose-Einstein or Fermi-Dirac sta- 
tistics. 


GROUND-STATE ENERGY OF A BOSON GAS. 
Virendra Singh, Tata Institute of Fundamental 


Research, Bombay, India (Received May 4, 1959). 


All the diagrams, occurring in a perturbation 
calculation of the ground-state energy of a boson 
gas, having at most one excited pair at a time, 
have been summed by using a variational princi- 
ple, without explicitly writing their individual 
contributions. In the limit of large volumes the 
result of Abe is reproduced. It also turns out 
that the total contribution of all the diagrams is 
finite even though individually some of them are 
divergent irrespective of the strength of the in- 
teraction. 


PROPAGATION OF ELECTROMAGNETIC WAVES 
IN A MULTISTREAM MEDIUM AT GYROMAG- 
NETIC RESONANCE. Jacob Neufeld, Health 
Physics Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee (Received March 27, 1959; 
revised manuscript received August 17, 1959). 


An electromagnetic wave travelling in a multi- 
stream medium in the direction of an applied 
magnetic field is described by a dispersion re- 
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lation as follows: 
c*k? =u? - Uw Fw/(w - RV. $ 2), 


where w is the frequency, k is the wave vector, 
w; is the Langmuir frequency, 2; is the gyro- 
magnetic frequency associated with the beam i, 
and V; is the velocity of the beam i (i =1, 2,3... ») 
For the case of gyromagnetic resonance (w =2;) 
we have an occurrence of growing and evanescent 
waves if 


= 2 > 4/74 
M=27[D,w?/V,P 40 */c*>0, 


where 2 =2; for all i’s, and the occurrence of 
unattenuated waves if M <0. 


STARK BROADENING OF HYDROGEN LINES IN 
A PLASMA. Hans R. Griem, University of 
Maryland, College Park, Maryland, and United 
States Naval Research Laboratory, Washington, 
D. C., Alan C. Kolb, United States Naval Research 
Laboratory, Washington, D. C., and K. Y. Shen, 
University of Maryland, College Park, Maryland 
(Received May 8, 1959). 


The frequency distribution of hydrogen lines 
broadened by the local fields of both ions and 
electrons in a plasma is calculated in the classi- 
cal path approximation. The electron collisions 
are treated by an impact theory which takes into 
account the Stark splitting caused by the quasi- 
static ion fields. The ion field-strength distri- 
bution function used includes the effect of elec- 
tron shielding and ion-ion correlations. The 
various approximations that were employed are 
examined for self-consistency and an accuracy ol 
about 10% in the resulting line profiles is ex- 
pected. Good agreement with experimental Hy 
profiles is obtained while there are deviations of 
factors of two with the usual Holtsmark theory. 
Asymptotic distributions for the line wings are 
given for astrophysical applications. Also here 
the electron effects are generally as important 
as the ion effects for all values of the electron 
density and in some cases the electron broaden- 
ing is larger than the ion broadening. 


THEORY OF NUCLEAR SPIN RELAXATION IN 
SUPERCONDUCTORS. L. C. Hebel, Bell Tele- 
phone Laboratories, Murray Hill, New Jersey 
(Received May 13, 1959). 


By use of analytical methods, a new evaluation 
has been made of R /Ry the ratio of nuclear 
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spin-lattice relaxation rate in the superconducting 
phase to that in the normal phase, from expres- 
sions previously derived by Hebel and Slichter 
using the Bardeen-Cooper-Schrieffer theory of 
superconductivity. The results are given for 
several values of the effective breadth of the 
Bardeen-Cooper -Schrieffer energy levels. 


THEORETICAL MODEL FOR TETRAGONAL-TO- 
CUBIC PHASE TRANSFORMATIONS IN TRANSI- 
TION METAL SPINELS. Peter J. Wojtowicz, 
Radio Corporation of America Laboratories, 
Princeton, New Jersey (Received May 13, 1959). 


The origin of the large tetragonal distortions 
which occur in a number of transition metal ox- 
ides having the spinel structure has been exam- 
ined recently by Dunitz and Orgel in terms of the 
crystal field theory. According to these authors 
the macroscopic distortions arise as a conse- 
quence of a Jahn-Teller type distortion in the 
immediate environment of certain transition 
metal ions. Thus, all the observed large dis- 
tortions in spinels have been correlated with 
the results of this crystal field treatment on the 
basis of the spatial ordering of the local dis- 
tortions. 

In this communication we investigate the de- 
tailed properties of the transformations from 
tetragonal to cubic phases which are observed at 
elevated temperatures. An approximate model 
has been constructed which explicitly takes into 
account the interactions between local Jahn- 
Teller distortions about neighboring octahedral 
site cations. The configurational energy of the 
model has been derived in a completely general 
form in terms of occupation variables, and has 
been used to deduce the structure of the stable 
low-temperature phase. By the use of the usual 
methods of statistical mechanics it has proved 
possible to derive the thermodynamic behavior 
of the model, and hence to contribute to an un- 
derstanding of the cooperative nature of these 
phase transformations. The temperature and 
composition dependence of the long-range order 
parameter, the thermodynamic functions, and 
the lattice parameters are calculated explicitly. 
The principal result of importance is the demon- 
stration that the transformations from tetragonal 
to cubic spinel phases are thermodynamic tran- 
sitions of the first order type. That is, a latent 
heat, a volume discontinuity, lattice parameter 
discontinuities, and a lambda anomaly in the 


heat capacity are to be observed at the trans- 
formation temperature. The available experi- 
mental evidence supports the conclusions drawn 
from the theoretical model. The agreement 
between theory and experiment is found to be 
semiquantitative in most of the cases considered. 


MAGNETIC PROPERTIES OF THE MANGANESE 
CHROMITE-ALUMINATES. P. L. Edwards, 
United States Naval Ordnance Laboratory, White 
Oak, Maryland, and University of Maryland, 
College Park, Maryland (Received March 30, 
1959). 


The mixed-crystal spinel series MnCro_,Al,O4 
has been synthesized and found to form a single 
cubic phase with a cell edge that is a linear func- 
tion of the aluminum content. An x-ray study 
indicates that the series is an almost-normal 
spinel series with the A sites occupied by divalent 
manganese ions and about 5% of the trivalent 
aluminum ions. 

The magnetization-temperature curves have 
approximately zero slope at absolute zero and 
exhibit no peaks or compensation points. The 
saturation moment is 1.16 p for ¢=0.0, increas- 
ing to 1.37 p at ¢=0.8, and dropping to 1.254 p 
at ¢=1.0. The reciprocal-susceptibility vs tem- 
perature curves have the hyperbolic shape 
characteristic of ferrimagnets. The observed 
magnetic properties cannot be explained by the 
Néel theory but can be accounted for, at least 
qualitatively, by the five-parameter Yafet and 
Kittel theory. 


ISOTOPE EFFECT IN THE BARDEEN-COOPER- 
SCHRIEFFER AND BOGOLIUBOV THEORIES OF 
SUPERCONDUCTIVITY. James C. Swihart, Re- 
search Center, International Business Machines 
Corporation, Poughkeepsie, New York (Received 
January 12, 1959; revised manuscript received 
June 26, 1959). 


It is shown that the Bardeen-Cooper- Schrieffer 
and Bogoliubov theories of superconductivity pre- 
dict an isotope effect which is the same for all 
superconductors, so long as the Coulomb inter- 
action is neglected. This is demonstrated by 
writing the system of integral equations in a 
mass-invariant form, and it does not involve 
finding actual solutions. The theories predict 
that H,, T;, and the energy gap at T=0 are pro- 
portional to M~”*. The inclusion of the Coulomb 
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interaction destroys the invariance of the equa- 
tions and introduces deviations from the -3 in 
the exponent. The magnitude of the deviation 
depends on the particular superconductor con- 
sidered. 


ORIGIN OF THE CHARACTERISTIC ELECTRON 
ENERGY LOSSES IN MAGNESIUM. C. J. Pow- 
ell and J. B. Swan, Department of Physics, Uni- 
versity of Western Australia, Nedlands, Western 
Australia (Received May 12, 1959). 


The characteristic electron energy loss spec- 
trum of magnesium has been measured by ana- 
lyzing the energy distribution of 750, 1000, 1505, 
and 2020-ev electrons scattered by an evaporated 
specimen through 90°. The spectra were similar 
in form to those previously obtained with alumi- 
nium targets, in that the observed loss peaks 
were composed entirely of combinations of two 
elementary energy losses. These two losses, of 
magnitude 7.1 and 10.6 ev, were identified re- 
spectively with the lowered plasma loss proposed 
by Ritchie and the plasma loss proposed by Bohm 
and Pines. 


NEW METHOD FOR CALCULATING WAVE 
FUNCTIONS IN CRYSTALS AND MOLECULES. 
James C. Phillips and Leonard Kleinman, 
Department of Physics, University of California, 
Berkeley, California (Received January 5, 1959; 
revised manuscript received June 1, 1959). 


For metals and semiconductors the calculation 
of crystal wave functions is simplest in a plane 
wave representation. However, in order to ob- 
tain rapid convergence it is necessary that the 
valence electron wave functions be made orthog- 
onal to the core wave functions. Herring satis- 
fied this requirement by choosing as basis func- 
tions “orthogonalized plane waves.” It is here 
shown that advantage can be taken of crystal 
symmetry to construct wave functions y, which 
are best described as the smooth part of sym- 
metrized Bloch functions. The wave equation 
satisfied by Yq contains an additional term of 
simple character which corresponds to the usual 
complicated orthogonalization terms and has a 
simple physical interpretation as an effective 
repulsive potential. Qualitative estimates of 
this potential in analytic form are presented. 
Several examples are worked out which display 
the cancellation between attractive and repulsive 
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potentials in the core region which is responsible 
for rapid convergence of orthogonalized plane 


wave calculations for s states; the slower conver. 


gence of p states is also explained. The formal- 
ism developed here can also be regarded as a 
rigorous formulation of the “empirical potential” 
approach within the one-electron framework; the 
present results are compared with previous ap- 
proaches. The method can be applied equally wel] 
to the calculation of wave functions in molecules, 


DEPLETION-LAYER PHOTOEFFECTS IN 
SEMICONDUCTORS. Wolfgang W. Gartner, 
United States Army Signal Research and Devel- 
opment Laboratory, Fort Monmouth, New Jersey 
(Received May 5, 1959). 


The theory of photoconduction through the 
reverse -biased p-n junction in semiconductors 
is developed without the customary assumption 
that carrier generation in the junction depletion 
layer is negligible. Different from previous 
theories, the more general treatment leads to 
a voltage dependence of the photocurrent and its 
spectral distribution. When the incident light 
beam is modulated at frequencies comparable 
to the transit time through the depletion layer, 
phase shift between photon flux and photocurrent 
and transit-time rectification occurs. 


EFFECT OF LATTICE VIBRATIONAL SPEC- 
TRUM ON INTRINSIC ELECTRICAL AND THER- 
MAL RESISTIVITY OF METALS. A. Meyer,* 
University of Florida, Gainesville, Florida (Re- 
ceived May 7, 1959). 


The primary purpose of this calculation is to 
develop a method for incorporating recently cal- 
culated lattice vibrational spectra into the pre- 
sent theory of transport properties of metals. A 
secondary objective is incorporating into the cal- 
culation all of the well-known contributions to the 
electron-phonon part of electrical and thermal 
resistivities. Included are Umklapp processes, 
electron-transverse wave interactions, and the 
Bardeen scattering probability. A final objective 
of the study is to determine qualitatively the ef- 
fect of this calculation on the agreement between 
theory and experiment. 

The results indicate an appreciable change in 
the theoretical predictions, the general trend 
being in the right direction. The relative impor- 
tance of details of the phonon system versus 4e- 
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tails of the electron system is greatest for elec- 
trical resistivity, intermediate for thermal re- 
sistivity, and least for thermoelectric power. 
For this reason, the results of this calculation, 
as might be expected, are most significant for 
electrical resistivity, of some importance still 
in thermal resistivity, and inadequate for ther- 
moelectric power. 


* 
Now at Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 


SWITCHING MECHANISM IN TRI-GLYCINE 
SULFATE AND OTHER FERROELECTRICS. 

E, Fatuzzo and W. J. Merz, Laboratories RCA 
Limited, Zurich, Switzerland (Received January 
9, 1959; revised manscript received June 19, 
1959). 


The reversal of the spontaneous polarization 
ina ferroelectric crystal is governed by two 
mechanisms: the nucleation of new domains and 
the growth of these domains by domain wall mo- 
tion. We have investigated the switching proper - 
ties of tri-glycine sulfate as a function of applied 
electric field, temperature, and thickness of the 
samples. 

It is proposed that at low fields, nucleation is 
the slower mechanism and hence dominates the 
switching process, while at high fields, domain 
wall motion determines the rate of switching. 

The former process leads to an exponential de- 
pendence of switching time on applied electric 
field and the latter to a linear dependence. 

A model for the nucleation and domain wall 
motion is treated mathematically and is com- 
pared with experimental observations. The shape 
of the switching current pulse was found to yield 
much information. The shape depends strongly 
on the applied electric field and is correlated 
with the nucleation time as-well as the domain 
wall motion time. The asymmetry of the pulse 
increases with decreasing field and can be asso- 
ciated with the interaction between domains and 
domain nuclei. This interaction in various ferro- 
electrics is discussed and its relation to the 
switching is considered. 


N“-N'® HYPERFINE ANOMALY. L. Wilmer 
Anderson and Francis M. Pipkin, Lyman Labora- 
tory, Harvard University, Cambridge, Massa- 
chusetts, and James C. Baird, Jr., Mallinckrodt 


Laboratory, Harvard University, Cambridge, 
Massachusetts (Received April 20, 1959). 


The optical transmission of an optically oriented 
sodium vapor in spin exchange equilibrium with 
atomic nitrogen has been used to measure the 
zero-field hyperfine splitting of N’* and N'5. The - 
ground state of atomic nitrogen is *S,,. For N", 
which has /=1, 


AVsjo--g/2 = 26.12721 + 0.00018 Mc/sec, 

AVyo~y2 = 15.67646 + 0.00012 Mc/sec. 
For N’*, which has /=1/2, 

Av =29.29136+0.00016 Mc/sec. 


The nuclear moments of N“* and N'* have been 
measured by observing the effect of saturating 
the nitrogen resonance on the proton resonance 
in NH,*. The results were 


g(14)/g(H*) =0.07223698 + 0.00000008, 
g(15)/g(H2) = - 0.10133077 + 0.00000008. 


The N**-N’® hyperfine anomaly obtained by 
combining these measurements is 

a _A(15) /A (14) 

g(15)/g(14) 


A short discussion of the mechanism of spin 
exchange collisions is given. 


- 1 =0.000981 + 0.000017. 


GAMMA RAYS FROM THE NUCLEAR PHOTO - 
EFFECT IN CARBON, OXYGEN, AND COPPER. 
A. S. Penfold* and E. L. Garwin, The Enrico 
Fermi Institute for Nuclear Studies, The Univer- 
sity of Chicago, Chicago, Illinois (Received 
May 12, 1959). 


A Nal crystal was used to study the spectra of 
gamma rays associated with the giant resonance 
cross section of the nuclear photoeffect in carbon, 
oxygen, and copper. The x-ray source was a 
bremsstrahlung beam whose energy was varied 
from 19 to 61 Mev. Cross sections for elastic 
scattering and for mixed elastic and inelastic 
scattering were measured at 135° to the x-ray 
beam. The copper cross section has a magnitude 
which is well predicted by photo-particle cross 
sections coupled with a dipole dispersion theory. 
The elastic scattering cross section for carbon 
can be predicted in a similar fashion, but the 
oxygen cross section cannot. For oxygen, the 
observed cross section is much larger than the 
predicted one and this result is explained if 
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narrow, isolated, resonances are an important 
part of the oxygen photonuclear cross section. 
The different behavior of carbon and oxygen 
which is found is consistent with other experi- 
ments. The angular dependence of the oxygen 
elastic scattering cross section near 22 Mev is 
predominantly dipole with a possible quadrupole 
admixture. For oxygen, an inelastic scattering 
cross section was observed which has a thresh- 
old at about 26 Mev, a peak at about 30 Mev, and 
is due to transitions to a state (or states) near 
6 Mev. It is interpreted as the result of an over- 
lap of two giant resonance cross sections — one 
for the ground state and one for the excited state. 
The consequences of this interpretation to the 
theory of the nuclear photoeffect is discussed. 
The yield of gamma rays from O* and N**® which 
follow neutron or proton emission was also studied 
and several lines were observed, but none above 
6.5 Mev. The photonuclear cross sections associ- 
ated with these lines are estimated to be 45% of 
the whole photonuclear cross section at 23 Mev. 


* 
Now at Litton Industries, Beverly Hills, California. 


Tb’: A NEW TERBIUM ISOTOPE. K. S. Toth, 
S. Bjgrnholm, M. Jgrgensen, O. B. Nielsen, and 
O. Skilbreid, Institute for Theoretical Physics, 
University of Copenhagen, Copenhagen, Denmark 
(Received May 15, 1959). 


A new isotope with a 3.1-hr half-life has been 
produced in a 60-Mev proton bombardment of 
natural gadolinium. The isotope has been iden- 
tified to be Tb*®° by means of a mass separation 
performed on the chemically purified terbium 
fraction. Gamma-ray spectra have revealed an 
intense 640-kev peak belonging to Tb’®° decay. 
The y ray is probably the transition from the 
first-excited to the ground state in Gd’®. 


ANGULAR DISTRIBUTIONS OF FRAGMENTS 
FROM NEUTRON-INDUCED FISSION OF U?** 
AND Pu”**. L. Blumberg and R. B. Leachman, 
Los Alamos Scientific Laboratory, University of 
California, Los Alamos, New Mexico (Received 
May 4, 1959). 


Angular distributions of fragment activities 
from neutron-induced fission of U*** and Pu?*® 
have been measured and show in detail the ener - 
gy dependence of these distributions. The theo- 
retically expected difference in low-energy 
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anisotropy for these nuclides, which have simi- 
lar fission thresholds but significantly different 
target spins, was not observed. A statistical] 
model of fission anisotropy is applied to the data 
from the low-spin target Pu**® to determine the 
energy dependence of K,, the standard deviation 
of the distribution in the angular-momentum 
projection on the nuclear symmetry axis. The 
anisotropies indicate an increase of K, with 
energy in excess of the fission barrier, with K, 
values for even-even fissioning nuclei at excita- 
tion energies approximately 1 Mev higher than 
those for odd-A nuclei. The effective moment 
of inertia about the symmetry axis, similarly 
obtained from application of a statistical model 
to the data, is found to be ~0.1 that of a rigid 
spherical nucleus. 


ENERGY DEPENDENCE OF FISSION FRAGMENT 
ANISOTROPY. James J. Griffin, University of 
California, Los Alamos Scientific Laboratory, 
Los Alamos, New Mexico (Received April 7, 


1958; revised manuscript received May 25, 1959), 


The dependence on energy of the anisotropy of 
fission fragment emission is discussed in terms 
of the Bohr model. It is shown that reasonable 
assumptions about the spectrum of excited states 
at the barrier lead to results consistent with the 
currently available data for energies up to 10 
Mev and for a variety of target nuclides, except 
for the fact that the target spin appears to have 
a much smaller effect on the anisotropy than 
might have been predicted. It is suggested that 
this anomaly may be understood in terms of the 
deformation of the target nucleus. 


(y,2n) REACTIONS IN LIGHT ELEMENTS. 

J. O’Connell, P. Dyal, and J. Goldemberg,* 
Physics Research Laboratory, University of 
Illinois, Urbana, Illinois (Received May 4, 1959). 


The yields at several energies for the reac- 
tions C*(y,2n)C*, O'*(y, 2n)O™, F'%(y, 2n)F", 
Na*°(y,2n)Na*!, P**(,2p)Al?°, and P**(,, 2pn)Al” 
were measured using the x-ray beam from the 
University of Illinois 300-Mev betatron. It was 
found that the ratio of integrated cross sections 
of the (y, 2m) to (y,m) reactions in F'® and in Na” 
is of the order of 0.1 and approximately 1-2 
orders of magnitude smaller for C’? and 0”. 
The small (y, 2m) yields for C’? and O** are con- 
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sistent with statistical competition between 
emitted particles if the gamma-ray absorption 
decreases rapidly with energy above the giant 
resonance. 


NEUTRON SPECTRA FROM THE p+d REACTION. 


C. Wong, J. D. Anderson, C. C. Gardner, J. W. 
McClure, and M. P. Nakada, Lawrence Radiation 
Laboratory, University of California, Livermore, 
California (Received May 11, 1959). 


The energy and angular distributions of neutrons 
from the pb+d ~n+p+p reaction have been meas- 
ured for incident protons of energy 6.06, 7.15, 

9.90, and 13.5 Mev. The peak in the neutron 
spectra near the maximum neutron energy is in 
qualitative agreement with the calculations of 
Heckrotte and MacGregor. 


DIRECT -INTERACTION EFFECTS IN MEDIUM- 
ENERGY FISSION OF URANIUM. W. J. Nichol- 
son and I. Halpern, Physics Department, Uni- 
versity of Washington, Seattle, Washington 
(Received May 4, 1959). 


The fraction of the fission events which occur 
after direct interactions rather than after com- 
pound nucleus formation has been determined 
ina number of bombardments of uranium. The 
projectiles used were 10.5-Mev protons, 21-Mev 
deuterons, and 42-Mev alpha particles. The 
fraction of post-direct-interaction fissions was 
obtained from measurements of the angular 
correlation of coincident pairs of fission frag- 
ments which emerged at approximately 90° to 
the incident particle beam. The results indicate 
that (2+ 3)% of fission events in 42-Mev alpha 
particle bombardments and (5+5)% in 21-Mev 
deuteron bombardments follow some type of 
direct interaction. 


RADIOACTIVE DECAY OF Dy"**. B. H. Ketelle 
and A. R. Brosi, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee (Received May 1, 1959). 


Decay of Dy"®® has been shown to feed three 
excited levels in Tb'®®. Gamma rays with ener - 
gies of 58 kev, 200 kev, 290 kev, and 350 kev 
have been observed and electron- capture bran- 
ching ratios have been determined. Only Ll elec- 
tron capture to the 350-kev level has been de- 
tected. The half-life of the 58-kev level in Tb'*® 





has been shown to be less than 1x10°® sec. The 
K conversion coefficient of the 58-kev gamma 
ray has been measured and found to be 5+1.5. 
The disintegration energy of Dy'®® has been 
shown to lie between 360 and 400 kev; the half- 
life was remeasured and found to be 144.4+0.2 
days. 


PRODUCTION OF Be’ IN 30-42 Mev He-ION 
BOMBARDMENT OF OXYGEN, ALUMINUM, 

AND COPPER. George H. Bouchard, Jr.,* De- 
partment of Chemistry, University of Washington, 
Seattle, Washington, and A. W. Fairhall, Depart- 
ments of Chemistry and Physics, University of 
Washington, Seattle, Washington (Received May 
7, 1959). 


The production of Be’ in targets of oxygen, 
aluminum, and copper bombarded with 30- to 
42-Mev He ions has been studied using radio- 
chemical techniques. At 40-Mev He-ion bom- 
barding energy the formation cross sections are 
2.4 mb, 0.22 mb, and 0.018 mb, respectively. 
For aluminum and oxygen targets the Be’ frag- 
ments are emitted sharply forward, implying a 
direct-interaction mechanism. Estimations of 
the energies of the Be’ fragments, along with the 
observation that for Al*’ target the yield of Na™ 
is equal to the yield of Be’, suggests that in this 
particular case interaction involves the pickup 
of a He* fragment from the nucleus by the im- 
pinging He* ion with the deposition of less than 
7 Mev of excitation energy in the Na™ residual 
nucleus. 


"Present address, Sandia Corporation, Albuquerque, 
New Mexico. 


DECAY OF U**° and 7.3-min Np***. M. E. Bunker, 
B. J. Dropesky, J. D. Knight, J. W. Starner, and 
B. Warren, Los Alamos Scientific Laboratory, 
University of California, Los Alamos, New 
Mexico (Received May 1, 1959). 


The radiations of U**° and 7.3-min Np? have 
been studied with a solenoidal beta spectrometer, 
beta- and gamma-scintillation spectrometers, 
and 180° permanent-magnet spectrographs. The 
principal decay branch of U** is a 0.36-Mev beta 
transition to the 7.3-min state of Np**°. The only 
other radiations observed which are attributed 
to U** are the conversion lines associated with 


a 0.044- Mev transition. 
The decay scheme of 7.3-min Np** is consid- 
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erably more complicated than that indicated by 
previous investigations. On the basis of coinci- 
dence studies, intensity data, internal conversion 
coefficients, and the measured transition energies, 
a consistent level scheme for Pu*® is proposed 
which has excited states at 0.043, 0.142, 0.597, 
0.858, 0.900, 0.942, 1.42, 1.53, and 1.62 Mev. 
The ground-state transition from the 0.858-Mev 
level is of EO multipolarity, identifying this 

level as a 0+ state. There are beta transitions 

to the ground state of Pu**° (Qg=2.18 Mev) and 

to each of the above excited states except the 

one at 0.142 Mev. Consideration of the beta- 
decay information leads to a spin and parity 
assignment of 1+ for 7.3-min Np*®. Various 
features of the decay scheme are compared with 
the predictions of current models of nuclear 
structure. 


ANGULAR DISTRIBUTIONS OF DEUTERONS 
FROM Li’(p,d)Li® REACTIONS. E. F. Bennett* 
and D. R. Maxson, Palmer Physical Laboratory, 
Princeton University, Princeton, New Jersey 
(Received May 15, 1959). 


Angular distributions of deuterons from Li"(p, 
d)Li® reactions induced by 17.5-Mev protons on 
a natural lithium target have been observed at 
angles less than 50 degrees in the laboratory 
system. Deuteron groups leaving Li® in its ground 
state and in states at 2.19 and 3.57 Mev were 
studied, and the branching ratios were compared 
with intermediate coupling shell theory. Pure or 
nearly pure L-S coupling was found to be adequate 
to explain the observed ratios. 


* 
Now at Argonne National Laboratory, Lemont, 
Illinois. 


PRIMARY COSMIC -RAY INTENSITY NEAR SO- 
LAR MAXIMUM. Frank B. McDonald,* Depart- 
ment of Physics, State University of Iowa, Iowa 
City, Iowa (Received May 11, 1959). 


Measurements of the primary cosmic-ray pro- 
ton and alpha-particle fluxes and energy spectra 
have been extended to the recent period of solar 
maximum. While the rigidity dependence of both 
components changed greatly during the solar cycle, 
it is observed that both alphas and protons main- 
tain the same relative rigidity spectra during the 
solar cycle. Measured geomagnetic cutoff values 
are in agreement with those obtained at solar 
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minimum. An electric field model gives exce]- 
lent agreement for the general form of the long. 
term change. However, at low rigidities this 
model predicts a splitting of the proton and alph;. 
particle differential rigidity spectra which is not 
observed. 


. 
Now at National Aeronautics and Space Administra- 
tion’s Goddard Space Flight Center, Washington, D, ¢. 


COSMIC-RAY NEUTRON ENERGY SPECTRUM. 

Wilmot N. Hess, H. Wade Patterson, and Roger 

Wallace, Lawrence Radiation Laboratory, Uni- 

versity of California, Berkeley, California, and 
Edward L. Chupp,* Lawrence Radiation Labora- 
tory, University of California, Livermore, Cali- 
fornia (Received May 11, 1959). 


The cosmic-ray neutron energy spectrum in 
the equilibrium region of the atmosphere has 
been measured with several different calibrated 
detectors from thermal energies to about 1 Bev 
at 44° north magnetic latitude and up to 40000 
feet. By combination of the data from these 
measurements with those from other experiments, 
a complete differential energy spectrum is ob- 
tained which shows the characteristic maximum 
near thermal energies and a roughly 1/E varia- 
tion up to about 100 kev. The presence of a 
second maximum in the spectrum near 1 Mev is 
attributed to the evaporation neutrons from stars, 
and above this energy up to 800 Mev the spec- 
trum falls off as E™**. 


* Present address: Pilotless Aircraft Division, Boe- 
ing Airplane Company, Seattle, Washington. 


DISPERSION ANALYSIS OF POSSIBLE PARITY 
NONCONSERVATION IN LOW-ENERGY PION- 
NUCLEON SCATTERING. S. Fubini and D. Wa- 
lecka, CERN, Geneva (Received May 8, 1959). 


An attempt is made to analyze the possible 
violations of parity conservation in low-energy 
pion-nucleon scattering. The use of relativistic 
dispersion relations enables us to relate such 
effects to the possible violations of parity con- 
servation in strange-particle production from 
pion-nucleon collisions. We show that large 
violations of parity conservation in strange- 
particle production are indeed compatible with 
small effects in low-energy pion-nucleon scat- 
tering. It is suggested that our result might be 
useful in order to understand the very good evi- 
dence for parity conservation in nuclear physics. 
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DECAY OF THE CHARGED PION. R. F. Sawyer, 
CERN, Geneva, Switzerland (Received May 15, 


1959). 


The amplitude for pion decay is related to 
quantities involved in the meson propagator under 
the strong 7 coupling alone. For PV a coupling 
the Goldberger and Treiman result follows under 
certain assumptions, but without an expansion in 
intermediate states. For PS 7 coupling similar, 
but somewhat inconsistent, results are obtainable 
by means of an equivalence relation applied to the 
weak interaction. An expansion in intermediate 
states of the absorptive part of the decay ampli- 
tude is related to a similar expansion for the 
meson propagator and in an approximation yields 
the Goldberger and Treiman result when states 
containing one nucleon pair and some number of 
pions are included. 


INTERFERENCE EFFECTS IN NEUTRAL K- 
PARTICLE DECAY. S. B. Treiman, Palmer 
Physical Laboratory, Princeton University, 
Princeton, New Jersey, and S. Weinberg, Co- 
lumbia University, New York, New York (Re- 
ceived May 13, 1959). 


An analysis is made of interference effects be- 
tween the K,° and K,° components of a neutral K 
beam for decay in the channel 1++2°~+n°. The 
effects discussed, though expected to be small, 
may just be detectable. If so, they would serve 
as a test of the proposed |AT7| =3 rule. 


TWO PROPOSED EXPERIMENTS FOR THE 
DETECTION OF THE DIRAC MONOPOLE. 
Robert Katz and Darrell R. Parnell,* Kansas 
State University, Manhattan, Kansas (Received 
May 8, 1959). 


A magnetic monopole may be detected by its 
deflection in an electric field or by the character 
of the ionization it produces. The electric de- 
flection experiment may be performed in a 
helium bubble chamber where helical (or spiral) 
tracks whose axis is parallel to the D-lines 
would be certain evidence for the discovery of 
the monopole. Previous studies of the ionization 
have emphasized that the Bragg tail would be 
missing from a monopole track, as compared to 
acharged particle. This conclusion must be 
modified because of the thin-down of tracks of 
heavy nuclei. The tracks of heavy nuclei thicken 





up and then thin down as they approach the end 
of their range. The tracks of monopoles are 
wedge-shaped, thinning down continuously as 
they approach the end of their range. Since the 
track width is due to knock-on electrons, or 
delta rays, any search for the monopole using 
this criterion must be conducted with electron- 
sensitive emulsions. 


7 
Now at Air Force Cambridge Research Center, 
Bedford, Massachusetts. 


DETERMINATION OF THE PION-NUCLEON 
COUPLING CONSTANT FROM n-p SCATTER- 
ING ANGULAR DISTRIBUTION. Peter Cziffra 
and Michael J. Moravcsik, Lawrence Radiation 
Laboratory, University of California, Berkeley 
and Livermore, California (Received May 1, 
1959). 


By the use of a method recently proposed by 
Chew, the pion-nucleon coupling constant is de- 
termined from differential cross sections for 
neutron-proton scattering. Data at 90 and 400 
Mev were used. Details of the extrapolation 
procedure are discussed and the statistical meth- 
ods used in interpreting the results are explained. 
The resulting value of the coupling constant is 
between 0.06 and 0.07, depending on the range 
and energy of the data included in the analysis. 
The discrepancy between this value and the 
usually quoted 0.08 should not be taken seriously, 
however, because several nonstatistical uncer- 
tainties could not be taken into account. The 
origin of these uncertainties is discussed. 


RELATIVISTIC KINEMATICS OF FREE UNSTA- 
BLE PARTICLES. Marcel Wellner, Brandeis 
University, Waltham, Massachusetts (Received 
February 18, 1959). 


A covariant method of description, in terms of 
Heisenberg state vectors, is suggested for a 
system of noninteracting identical scalar unsta- 
ble particles. The usual probabilistic interpre- 
tation is applicable to the physical states. Leh- 
mann’s mass spectrum p for the underlying sca- 
lar field is used as the basic feature in this de- 
scription. States are considered at finite times, 
and are labelled in terms of corresponding stable- 
particle observables. The mass and lifetime are 
expressed in terms of p. An argument leading to 
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exponential decay is proposed. 


* 
Present address: Institute for Advanced Study, 
Princeton, New Jersey. 


u-MESON CAPTURE IN Li® LEADING TO THE 
GROUND STATE OF He®. H. Uberall, Carnegie 
Institute of Technology, Pittsburgh, Pennsylva- 
nia (Received April 30, 1959). 


We calculate the rate of the capture reaction of 
u” mesons in Li® leading to the He® ground state 
(Godfrey-type reaction), a process which is ex- 
pected to give more accurate information on the 
u-capture coupling constants than the capture in 
nuclei leading to all possible final states. In- 


duced pseudoscalar coupling and Gell-Mann’s 
conserved vector current are taken into account, 
and numerical results are given assuming a uni- 
versal weak interaction. The Li® and He® wave 
functions are taken as shell model states with 
LS coupling and configuration mixing. It is found 
that the capture rate is sensitive to the p-shell 
radius, and for a determination of the latter, the 
Stanford electron-scattering results for Li® have 
been analyzed taking into account the recoil mo- 
tion of the a-particle core; however, the main 
portion of the radial integral in the theoretical 
capture rate can be read off the scattering data 
directly. The capture rate is found to be of the 
order of 0.4x10-* sec“, its exact value still 
depending on some assumptions about the cou- 


pling. 
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